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THIS ISSUE BINDER IS INTENDED TO PROVIDE A BASIC, 
COMPREHENSIVE REVIEW OF THE SCIENTIFIC LITERATURE 
REGARDING A SPECIFIC TOPIC ON ETS AND THE HEALTH OF 
NONSMOKERS. 


PRIMARY STUDIES AND REVIEWS HAVE BEEN HIGHLIGHTED 
TO IDENTIFY (1) USEFUL OR HELPFUL INFORMATION (YELLOW 
HIGHLIGHT) AND (2) ADVERSE RESULTS OR OPINIONS (BLUE 
HIGHLIGHT). 
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INTRODUCTION 

ETS AND CHILDHOOD AND ADULT RESPIRATORY DISEASE/SYMPTOMS 

This issue binder is designed to provide a comprehensive 
review of the major literature on environmental tobacco smoke and : 
childhood and adult respiratory disease/symptoms. The book has 
been divided into subsections: (A) childhood respiratory 
disease/symptoms; (B) childhood pulmonary function; (C) compromised 
children such as asthmatics and children with cystic fibrosis; 
(D) otitis media; (E) adult respiratory disease/symptoms; (F) adult 
pulmonary function; (G) compromised adults; and (H) confounders. 

Each section provides a short introduction to the topic. 
Major studies are preceded by a short abstract and followed by 
published critiques of the study. Each of the studies is 
highlighted to facilitate understanding of the issue: 1) favorable 
points are highlighted in yellow, and 2) unfavorable points are 
highlighted in blue. Tables and charts in the notebook are also 
highlighted in yellow (favorable) and blue (unfavorable). 
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STUDY ABSTRACTS 


In the majority of cases, the abstract or summary that 
precedes the individual study is the actual quoted abstract of the 
article's authors. However, some authors did not present an 
appropriate summary or abstract in their article. In those cases, 
a brief summary of the article was prepared. The abstracts and 
summaries prepared by the individual authors of the studies are 
designated as "abstracts" and "summaries." 
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PARENTAL SMOKING 


Perhaps no claim regarding environmental tobacco smoke 
(ETS) is as capable of provoking strong feelings as the charge 
that parents who smoke may compromise the health of their children. 
While the issue of parental smoking is laden with; emotion, the 
scientific basis for the claim is difficult to interpret. None of 
the studies that have reported an association between parental 
smoking and a child's increased risk of developing respiratory 
infections or symptoms have actually measured exposure to ETS. 
Virtually all of the studies have failed to control for cross- 
infections in the home and other important confounding factors. 
Studies that have controlled for such factors have frequently 
reported no significant increased risk of respiratory disease in 
the children of smoking parents. 1-17 

The studies on parental smoking, each with a different 
sample size, data collection method and analysis, tend to yield 
factually incompatible and contrary conclusions. For instance, 
although certain studies and reviews have reported adverse 
findings, 18-42 others have observed no significant relationship 
between^ parental smoking and respiratory illness in 
children. 5 ' 6 ' 8 ' 43-53 After a five-year study of over 400 children, 
for example, Dutch researchers concluded there was "no evidence" 
that parental smoking had an appreciable effect on respiratory 
symptoms in school children. 49 A similar conclusion was reached by 
a group of U.S. researchers, including a critic of smoking, who 
found "no significant relation" between parental smoking and 
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respiratory symptoms in a study of nearly 400 families with 816 
children in three cities. 43 

In 1988, investigators re-examined thirty studies on ETS 
exposures among children and evaluated the studies for their 
scientific validity. 54 They noted that while several studies had ; 
reported a statistically significant relationship between ETS 
exposure and respiratory illness in children, "most studies had 
significant design problems that prevent reliance on' their 
conclusions." The authors concluded that "many questions remain', 
and future studies should consider important methodological 
standards to determine more accurately the effect of passive smoking 
on child health." In 1990, another group of researchers examined 
the existing literature on ETS and respiratory health. 55 Although 
critical of ETS, they concluded that "[f]urther studies of health 
effects are needed; such studies will require improved methods of 
exposure assessment, as well as better understanding of dose- 
response relationships." 

The studies on parental smoking have relied solely on 
questionnaires to obtain exposure data. 55 Reliance on 
questionnaires casts doubt on the findings of these studies for 
several reasons. First, it has been noted that even "slight 
changes" in the way the questions were phrased could result "in 
substantial differences in the type of responses one obtains." 28 
Secondly, one study observed that there was a significant 
difference in the respiratory symptoms reported depending on which 
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parent completed the questionnaire. 38 It has been reported that 
mothers are more likely than fathers to report chronic respiratory 
problems in their children and that asymptomatic mothers are less 
likely than symptomatic mothers to report symptoms in their 
children. 55 It has been suggested that "[t]hese potential biases 
must be evaluated in epidemiologic studies." 55 


In conclusion, although a number of studies have been 
conducted on parental smoking and childhood respiratory health, 
the results of these studies are inconsistent and are limited by 
the methodology employed in each study. Questionnaires are not an 
accurate method of determining the actual exposure of ETS a child 
receives from his/her smoking parent. Many studies report no 
relationship for parental smoking, particularly when confounding 
factors such as diet, home dampness or cross-infection' in and 
outside the home are considered. Childhood respiratory illness 
appears to be influenced by many different social, familial, and 
environmental factors. To isolate parental smoking as a cause is 
scientifically unjustified. 
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ABSTRACT: This study replicated and extended earlier 
research that indicated a greater prevalence of respiratory illness 
among children subjected to tobacco smoke in the home environment. 
A random phone sample of 2,62 6 households in Detroit, Long Beach', 
and Pasadena, yielded evidence that (a) children subjected to 
tobacco smoke in the home environment have a greater prevalence of 
acute illness when compared to children in smoke-free environments, 
(b) adult nonsmokers subjected to tobacco smoke in the home 
environment may have a greater prevalence to acute illness than 
adult nonsmokers who reside in a smoke-free environment, and (c) 
respiratory illness rates may be related to air pollution rates in 
metropolitan areas. 
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Detroit, Loo; Beach, and Pasadena, yielded evidc^^chat :UL children, wh- 
jMUd to tobacco smoke in the hoa/'tnVironiDeot, have n grexfir prevatoct of 
.acute Illness when comparedVto^childrtn. In smoke-fn* environments, (Wf . 
*oduU nonsnoken subjected e^virontqcnt may. 

Aave n greater prevalence of acute Bines* than ndutt noonnofeed^ho, reside 
An n l ah e -frte environment, and (a) respiratory" Store* min may be touted 
go nar poQuttoo fates in metropolitan areas. 


This irtide reports a further study of the 
relationship of tobacco smoke in the home to 
the prevalence of illness in children. It repre¬ 
sents an attempt to replicate the earlier find- 
ing that there is a greater prevalence of acute 
illness in children subjected to tobacco smoke 
is the home environment than for those chilr 
dren not subjected to tobacco smoke in the 
home environment (Cameron, 1967; Cameron, 
Kostin, Zaks, Wolfe, Tight, Oselett, Stocker, 
& Winton, 1969). Only two areas of the 
country^ Denver and Detroit, have been sam¬ 
pled in previous studies; this study samples 
Detroit, Long Beach, and Pasadena. 

Method 

As H Kerns tentatively established that there is a 
reasonable decree of tommyaality between random 
phone sampling and random area sampling in the 
cstsbliihing of acute illness Tates (Cameron et at, 
1969), wt randomly drew 2,150 phone numbers from 
the Detroit metropolitan* 363 numbers from the 
Long Beach, and 161 from the Pasadena phone books 
(a larger number from both Lon; Beach and Pasa¬ 
dena had been planned but various dimcultiei 
aborted the samples) t Each number was called and 
households with children under the age of 17 in 
residence were sampled via the report of aa adult 
member. As we were mainly interested in testing the 
hypothesis that children residing in home environ¬ 
ments with tobacco smoke present suffer a greater 
prevalence of acute illness, the cutoff age of 16 was 
employed for comparability with Public Health 
Service (PHS) surveys. If a business or an Inap¬ 
propriate household (ii^ no children under age 17 
In residence) was called, the next phone number 


* Requests for reprints should be sent to Paul 
Cameron, Department of Ps>xhoIogy, University of 
Louisville, Louisville, Kentucky 40206. 


down the column was substituted. All appropriate 
families who refused -ft interview were called back 
to a maximum of 7 tines at which point they were 
considered a refusal. In Detroit, there were 20 re¬ 
fusals (<l%),in Lon; Beach, there were* 8 refusals 
(2.2%), and in Pasadena, there were 20 (8%). Any 
drawn phone number that did not answer was called 
hack on 3 different days to establish the a* 

“dead’' fox sampling purposes. Interviewers were 
college student volunteers who had been trained in 
the administration of the questionnaire. Twenty-five 
percent of the data was verified by the recalling and 
rradministration of parts of the questionnaire by 
junior investigators. 8 AU sampling took place from 
November 3 to November 2$, 1966. 

After an introduction in which the interviewer 
identified himself as a representative of the Nations! 
Health Survey, he asked questions concerning demo¬ 
graphic variables, family health, smoking habits, 
ventilation and pollution. A major difference between 
our and the PHS acute illness questionna>r§ is that 
our procedure required the respondents to report on 
the health of the family for the past 7 days, instead 
of the pa it 14 day** as required by PHS. 

Coding was always ddne in the same order as the 
questions were asked so that the coder did not know 
whether he was coding a person subjected to smoke 
or not before he coded them ill or not ill. Further, 
only about 1% of the responses required any in¬ 
terpretive coding—the categories used by the PHS 
correspond with thoie used by the general populace 
(i.e n if the interviewee characterised an illness as a 
•cold," it was coded as a “cold*; if the illness was 
said to be the “flu * and vomiting occurred a great 
deal, it was coded as “influenza with digestive mani- 
frslations^aU interpretive codings are in the 
“other" illness categories). 

*\V* wish to thank Mark Berkley, Laura Briscoe, 
Joe Stolar, Alan Sugar-man, David \Yattenberr, Bob 
Rotenbium, Bemie Webberman, and Christine 
Mueller for doing the tremendous amount of verifi¬ 
cation, recalling, and coding without financial re¬ 


ward. 
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HYPOTHESIS TrSTINC ExrLANATlO.V 

Before reporting our results, we should 
probably note that we did not test a non- 
directional hypothesis with the chi-square sta¬ 
tistic. Rather, all chi-squares were derived by 
testing the specific hypothesis, “Is the res¬ 
piratory illness prevalence for children sub¬ 
jected to tobacco smoke in the home environ¬ 
ment greater than that for children not 
aubjecled to tobacco smoke in the home en¬ 
vironment ? w We felt that the consistency of 
©ur previously Jtporitd results on this ques¬ 
tion made testing the null hypothesis of no 
difference between the two samples a pro¬ 
cedure wasteful of information. Therefore, we 
used the empirically uncovered rate of illness 
for non-smoke-subjected children in each age 
grouping to generate the expected prevalence 
for the smoke-subjected children (e.g. f il at 
a given i ? »e non-smoke children 

had a prevalence of 5ft, the chi-square was 
performed between the expected prevalence at 
5% versus the actually obtained figure with 
cf/ = i). Since the nu!! hypothesis can be 
rejected because sampie “a” is either too 
great or too small relative to sample “b", the 
greater efficiency of a specific hypothesis, 
which eliminates essentially half of the non- 
directional hypothesis, is obvious. 

Results 

Turning first to the question^! whether 
children subjected to tobacco moke in the 
environment have a greater prevalence of 
respiratory illness than children not sub¬ 
jected, our results rather firmly suggest an 
affirmative answer. Table 1 summarizes the 
acute illness rate from each of the three loca¬ 
tions. All differences that reach statistical Sig¬ 
nificance are in the affirmative direction. Since 
the Long Beach and Pasadena samples are 
rather small to detect reliabiiy a difference for 
an effect on illness prevalences, the spottiness 
of results is to be expected. Of additional 
interest, the prevalence of respiratory illness 
for children who themselves smoke in each 
location is greater than that of children who 
are merely subjected to “second-hand" smoke 
(7.S5& for Detroit, 15.4^> for Long Beach, 
and 2&.6$> for Pasadena smokers). 

Chronic illness prevalences for children sub¬ 
jected to smoke were much the same as those 


TABLE 1 

The Health or CMitoir.H Subjects* to Tobacco 
Shove in the Hume Versui the Health or 
Gulp ken Xot So SrHjtctco 
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of children not subjected (in Detroit, for ex¬ 
ample, for 16-year-olds and under, the preva¬ 
lences were i.$£© and 1.9fo with the lower 
prevalence favoring the smoke-subjected chil¬ 
dren). 
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TABLE 2 

F*kva«-\ci: ur ktspj*ATo*Y Iuxu» ro» 
CtfODiSN Acld 16 01 U.xnit st 
Diagnostic Catixoh* 


Rind of R«pir»lory 
Ilium 

Subjected 
(.V - 3,S57) 

\ 

| Xot subjected 
(*V - 1,933) 

Common cold 

29* P.2R) 

117 (6.0Tc> 

Other scute upper 
moratory illness 

H (0,4%) 

a <pr,l) 

IpflucruA *iih digestive 
mani Tests lions 

U (0.4$i) 

4 tor n 

Other influent* 

M (».SVi> 

25 U.2VU 

Pneumonia 

7 (O.^i) 

2 (O.J'O 

Bronchitis 

7 (0.2'a) 

| a <o.2',i) 

Other aruu respiratory 
conditions 

U (0 1%) 

2 (D-ir*) 


Table 2 combines the child data for the 
three cities by kind of respiratory illness. For 
each category of respiratory illness, a lower 
prevalence was obtained for children not sub¬ 
jected to tobacco smoke In the environment 
(sign test places the probability of 7 out of 7 
comparisons favoring the non-smoke-exposed 
at less than .01). 

The question of whether an adult’s health 
b adversely affected by residing with a smoker 
while not smoking himself gets some answer 
- from the data presented in Table 3. For each 
city, the health of nonsmokers over the age 
of 17 residing in a household where one or 
more of the other members smoked is com¬ 
pared with nonsmokers residing in a smoke- 
free household. Unfortunately, Detroit was 
the only location with a large enough sample 
to enable a reasonable test of the question, 
and the statistically significant difference fa¬ 
vors nonsmokers not subjected to tobacco 
smoke in the home. As with the children, 
chronic illness rates were essentially the same 
for both groups (in Detroit, for instance, the 
rates were 2.$£o and 3.0^e). 

It will be noted that the percentage of 
adults subjected to others’ household smoke is 
between 22 c /o and 23^0 for each location. 

Respiratory illness rates of smokers ap¬ 
proximated those of nonsmokers. In Detroit 
7.1% of smokers had a respiratory illness; in 
Long Beach the figure was 7.4 5 ©; while in 
Pasadena it was 4.S^. 

Table 4 compares adult male smokers and 
nonsmokers residing in Detroit on each of 


the other items of the questionnaire. The 
median yearly income and average number in 
household for Detroit families as reported by 
the United States Census Bureau is recorded 
in the last column of Tabic 4. Clearly our 
phone-drawn sample was comparable to the 
census sample. There were essentially no dif¬ 
ferences in the two populations along any of 
the dimensions (the mean ages were statisti¬ 
cally different and nonsmokers averaged 
about $200 more income, but neither differ¬ 
ence seems large enough to account for the 
health differences). The “pollution problem” 
question turned out to be poorly cast and 
many mentioned water pollution, noise pol¬ 
lution, and the Mike. Therefore, the equivalent 
percentages for smokers and nonsmokers sug¬ 
gest equivalent contusion and little else (like 
Long Beach and Pasadena comparisons simi¬ 
larly yielded no differences). 

The hint of an association between 
of tobacco smoke exposure and the preva¬ 
lence of acute illness for children subjected 
to smoke uncovered in the last study (Cam¬ 
eron et ah, 1969) did not reappear in the 
present The biserial correlation between the 
amount of smoke that sick children under 10 
were subjected to versus the amount of smoke 

TABLE 3 

Acute Illness ?uv.aivct ro* Adult XoxstfOKXm 

Residing with Tobacco Suov^ Present Venus 
Adult Xoneuokejis Residing i.v Tobacco- 
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that smokers' well children were subjected to 
was quite low (.05) and not statistically sig¬ 
nificant 

The question of a possible differential bias 
between self-report and other-report of illness 
prevalence in large samples of families is par¬ 
tially confronted in Table 5. It should be 
noted that a given adult falls into either the 
*eH-or-other-reported side of Table 5; that 
is, we do not have here a direct comparison 
©f self- versus other-report of illness preva¬ 
lence for adults from the same families, but 
rather a comparison of self- versus other- 
report prevalence rates for adults from dif¬ 
ferent families. Nonetheless, the obvious lac); 
©f a difference between the prevalencies 're¬ 
ported,in the two arrays argues against the 
notion ^ illness' prevalence 

la a random sample of families will diffff 
. from other-reported illness prevalences ii^an- 
©therrandont^sample of families from the 
sair^pbpufattcm. When the data were further 
broken down into smokers' reports on other 
smokers’ health versus nonsmokers’ reports 
on other smokers' health the same bek ©f 
difference appeared. For reports of children's 
illnesses the same hek cf difference* was dem¬ 
onstrated for the Detroit, Long Beach and 
Pasadena data in separate analyses. 

About 75 ?c of the interviews were con¬ 
ducted with the woman of the house, while 


TABLE 4 

Druoci,»ntc*ENMV0Mac-vrAi DirixatNCt* 
betwiln Ajolit Drmoji Mali 
S ilOttAS AND XONSUOkJJLS 

^_ .. . Smokrn No«>*w©kcr» 
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Utdan tTMly wcumc 
Avtotr m>mMr m 
Sow-vitaid 


• Corn )>uikS Irum U* 1970 SWitiifl Abtirtt if tkt l/wiltd 
£**/«*. Sittet Ccn»Mi Biaciu. IP<Q. 

most of the remainder were conducted with 
the man of the household. A third of our 
adult females and 53% of our adult males 
smoked as compared with 335* and S1-5& for 
the United States population of adults (Ah¬ 
med L Gleeson, 1970), Thus, about two 
thirds of our reports were provided by non- 
smokers. 

Our study also provided a limited test of 
the notion that respiratory illness rates should 
be related to the quality of environmental 
air. The PHS nationwide, and the Air Pollu¬ 
tion Control District in Los Angeles, have 
published estimates of air pollution that 
would stem to rank the locations involved as 
follows: Pasadena, most; Detroit, next; and 


TABLE 5 

ParvALCNCz or $nr*Rt*o*Tn> Jxlniss and JmcuixT-or-Itaxxss by Axorar* 
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Long Beach, least polluted.* If we regard our 
age-smoke condition groupings (children aged 
0-5, 6-9, 10-16 subjected and not subjected 
U> tobacco smoke in the home environment, 
children who smoke, adults who smoke, adults 
who do not smoke but are subjected to the 
same, and adults who do not smoke and are 
not subjected to smoke) as 10 independent 
tests of the notion and expect the respiratory 
illness rate in each group to run lowest in 
Long Beach and highest in Pasadena, we have 
30 predictions and 19 “hits.” If we apply 
Jonckheeris (1954) test to the data (e.g., the 
first II terms of the trinomial expansion 
(I3 21) w /6 ,# or 8,478,463/60,446,176). we 
arrive at a probability of .14. Thus, the data 
fall in the right direction but fail of statisti¬ 
cal significance. 


Discussion 

The presence of tobacco smoke in the home 
environment seems to be generally associated 
with a greater prevalence of respirafory BU 
ness in children. The effect has now been 
found In three nther dissimilar metropolitan 
areas with varying climates, altitudes, and 
types of air pollution. The possibility that 
summer might find the effect diminished is 
strengthened by the relative weakness of the 
difference between smoke-subjected and non- 
smoke-subjected children in the Los Angeles 
area samples. Even though the time period 
was the same, in November, Detroit was 
.rather cold and not conducive to outdoor phy 
—the opposite of the climatic conditions in 

•The Air Polltilion Control District of Lo* An- 
gelt*, in a personal communication, reported median 
single day bigfas of ozone (or each month of the 
year. The median reading for the West San Gabriel 
Valley (Pasadena is included here) was .39 while 
for the South Coastal arts (Long Beach) the figure 
wax .17. The United States Department of Health, 
Education, and Welfare Public Health Service ia its 
August 4, 1967 press release estimated the relative 
air pollution of the Long Beach-Los Angeles area 
at 393S VS. a 370© Trading for Detroit. If we ax- 
some rough comparability of the two indices (it., 
•zone vs. the PHS conglomerate of various kinds of 
sir pollution), and take at face value that Pasadena 
is approximately twite as polluted as Long Beach, 
are would estimate that Paiadena to have a PHS 
Index of approximately 494 and Long Beach an index 
fating of approximately 246 in which tax the De¬ 
troit rating would fall in between. 


southern California. Because of the pleasant 
weather, the tobacco smoke in the home was 
probably less frequently encountered by resi¬ 
dent children; thus, both categories of chil¬ 
dren probably shared outdoor air more fre¬ 
quently in California. It should be noted th3t 
most of the children of both samples were 
not til at the time of interview. Second-hand 
tobacco smoke appears to, be a significant, bv*i 
not an all-determining/Independent variable. 

As all our reported research to date has 
been by phone surveys in metropolitan areas 
and of the cross-sectionahassodalional design, 
it would seem appropriate at this time to 
mention a piece of longitudinal research done 
by a graduate student under the direction of 
the senior author in a rural area of Michigan. 
Hermann (196S) followed the school absences 
of the li u m»4 and fifth graders for £he first 
seven weeks of the fall* 196S, school term in 
the Hillside Elementary School. She found' 
that the median number of, fbsences tscnSed 
to Illness for children subjected to tobacco 
smoke in the environment (b ® 74) -was 
higher than for children In smoke-free 
vironments; further, while the median num¬ 
ber of half-days absent for children from one- 
smoker-present families v*s 0, the correspond¬ 
ing figure for children with two or more 
smokers in residence (* = 37) was 2. 

Although non-smoking adults subjected to 
smoke displayed a statistically greater preva¬ 
lence of acute illness, it is by no means cer¬ 
tain that the findiDg is a function of the 
smoke per $e. It is possible that the smoke 
affects their children’s health, then the adults 
“catch” the illness from their children. We 
wUl need large samples of smokers with and 
without children to test this possibility (thus, 
if we find greater illness among childless non- 
smokers subjected to smoke, we will have 
essentially eliminated the latter possibility). 

-We did not directly confront a possible 
psychological difference between smokers and 
nonsmokers that could have generated our 
results—-smokers may be more apt to regard 
their children as ill at a given intensity of 
symptoms.That is, smokers may be generally 
more beahb-conscious either in general or in 
regard to their children. Three lines of txl& 
dence suggest that this interpretation of our'* 
results is not very attractive. First,-when the 
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btihh data for amokt-subjtclcd children were 
ipHt into smoker*re|>orted versus nonsmoker- 
reported prevalences, no statistically signifi¬ 
cant differences emerged. Though the tome 
group of families’ health status was not re- 
Indexed using nonsmokers* and smokers* re¬ 
portage (and the possibility of a reportage* 
bias still exists), the possibility would seem 
In be considerably diminished by our finding. 
Secondly, vitamins have been advertised ex¬ 
tensively and are widely believed to be 
"health-insurance* by the general populace. 
The essential equivalence of vitamin usage 
lor smoking and non-smoking males (Table 4) 
(and the same general equivalency obtained 
lor their wives and children) suggests a no- 
greater health concern among smokers. 
Lastly,, anyone who smokes today must find 
ways in rationalize or discount mounting sci¬ 
entific opinion that judges his habit health 
hazardous. While it cannot be maintained 
that anyone who smokes is ipso facto less 
health conscious, ft certainly seems possible 
that smokers would be somewhat less, rather 
than more,, health conscious. There are other 
• possible differences between the smoke-sub¬ 
jected and non-amoke-subiccted families that 
‘might have generated some or all of the dif¬ 
ferences. Among these might be reduced dis¬ 
cretionary income (an adult smoker usually 
spends between $100 and $2C0/ycar to main¬ 
tain his habit) that might otherwise go for 
superior food products or greater household 
cleanliness (assuming that either affects 
health), or greater safety consciousness. 

It is likely that many physicians reading 
this account are puzzled at the lack of a sig¬ 
nificantly higher rate of illness among adult 
smokers. We would remind them that sickness 
is a psychosocial event with no necessary 
physical parameters. It Is undoubtedly true 
that smokers cough more, that their lung 
functioning is reduced, etc.; yet, such physi¬ 
cal phenomena do not constitute illness— 
unless the person involved and/or his inter¬ 
act onts jndze him ill . If a person gets used to 
coughing at a given rate, it makes small dif¬ 
ference that most people do not cough that 
frequently—he is not ill in his own eyes. And 


if his family and friends are also used to such 
a rate for him, he is likewise not sick to 
them. True, his physiologic functioning may 
be below average, but there is not necessarily 
a relationship between illness and physiologic 
functioning. Thus, if we tested the physio¬ 
logical state of the adult smokers in our sam¬ 
ple, we would almost certainly find them be¬ 
low average on many counts; but they and 
their families are used to such a bodily state, 
and they are simply not ill any more fre¬ 
quently. The reason smoking children are 
most frequently reported ill or report them¬ 
selves ill is that neither they nor their parents 
are yet used to their symptoms—predictably 
both will become used to them and no longer 
judge the person ill more frequently. Illness, 
after all, is something only persons can have 
—bodies can deteriorate, machines wear down, 
but only people con be sick . 

It would seem profitable to pursue the idea 
that an association exists between physical 
health and the quality of environmental air. 
We are pursuing the possibility that the 
health differences between smokers’ and non- 
smokers’ children will lessen in the summer 
season. 
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Harlap, S., Davies, A.M. "INFANT ADMISSIONS TO HOSPITAL AND MATERNAL 
SMOKING" The Lancet (March 30, 1974): 529-532. 

SUMMARY: Admissions to hospital during the first year of life 
were recorded in a prospective study of 10,672 infants whose 
mothers" smoking habits were known. Infants with major congenital 
malformations, and those dying before their first birthday, were 
excluded. The infants of mothers who smoked had significantly 
more admissions for bronchitis or pneumonia, especially in the 
winter, and more injuries. They were also admitted more frequently, 
though not significantly so, for upper-respiratory-tract infections, 
gastroenteritis, childhood infectious diseases, and other diagnoses. 
The excess of bronchitis and pneumonia in the the group exposed to 
smoke increased with increasing number of cigarettes smoked by the 
mother. It occurred within subgroups of birth-weight, social class, 
and birth order. It was seen mainly in infants aged 6-9 months, 
while at older and younger ages there was no significant effect of 
maternal smoking. The findings support the hypothesis that 
atmospheric pollution with tobacco smoke endangers the health of 
non-smokers. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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INFANT ADMISSIONS TO HOSPITAL 
AND MATERNAL SMOKING 


Susan* Haklap 


A. Michael Davies 


Department of Medical Ecology. Hebrew University — 
Hadassah Medical School, P.O. Box 1172 » 
Jerusalem , Israel 

Sum me r* Admissions to hospital during the first 
umm*rry c £ jjf e rcc0 rded in a pro¬ 

spective study of 10,672 infants whose mothers* 
pmoking habits were known. Infants with major 
^congenital malformations, and those dying before 
their first birthday, were excluded. Jttft infants 



.□Pj® jmainl^iifmfahts 
pnofitfis/while at older and younger ages 
there was no significant effect of maternal smoking. 
The findings support the hypothesis that atmospheric 
pollution with tobacco smoke endangers the health 
of non-smokers. 


Introduction 

Cigakttte smoking contaminates the atmosphere, 1 
and in closed smoke-filled rooms, non-smokers pas¬ 
sively inhale smoke components. 1 While non-smok¬ 
ers exposed to tobacco smoke may experience nose 
and eye irritation, cough, and headache, 3 the rele¬ 
vance of these symptoms to objective measurements 
of health has not been established. 

We have measured the frequency of hospital ad¬ 
missions in a population of West Jerusalem infants 
whose mothers' smoking habits were known; to test 
the hypothesis that passive smoking is associated 
with an increase risk of respiratory disease 



rtobacc^smokc^alti 

function^ 1 Furthermore, since smoke pol¬ 
lution in the home should l>c worse when windows 
are closed and ventilation reduced, any effect of 
smoking on morbidity should be greater in winter 
than in the summer. 

In West Jerusalem, hospital inpatient data are a 
more sensitive index of infant morbidity than in 
other populations. Paediatrician-G.P. and hospital 
care are equally available to all, and the reluctance 
of paediatricians to visit homes added to the avail¬ 
ability of hospital lieds are associated with hospital- 
admission rates which are probably the highest in 
the world. 4 1S% of livebom infants are admitted at 
least once before their first birthday, some of them 
several rimes, so that the rate of admission episodes 
» over 23 per 100 livebom. 


Materials and Methods 

We have made u«e of data collected in the record-linked 
Jerusalem Perinatal Study, described elsewhere/ A file, 
stored on magnetic tape, has l>een opened tor every infant 
bom since 1964 to a mother who lives in West Jerusalem. 
The file contains information taken from birth certificates 
and labour-ward books, and is update! with data on deaths 
and malformations reported from multiple sources. 

During 1965-69. all admissions to Jerusalem’s three 
paediatric wards were recorded for infants horn since the 
beginning oi the study. The information added to the file 
included the dates of admission and discharge and the first 
three diagnoses recorded on the discliarge summary, as well 
as events taking place in hospital and measurements of 
haemoglobin and weight 

In 1965-68. data from an antenatal interview were added 
to the file. 6S% of pregnant women were interviewed, those 
attending certain municipal mother-and-child health clinics 
and hospital-based antenatal clinics. Most interviews were 
done from the fourth month of pregnancy onwards,* and 
defined indices of health and behaviour were recorded, in¬ 
cluding details of smoking. 

We divided the number of admission episodes to hos¬ 
pital during the first 365 days of life into the following 
diagnostic categories: 

Bronchitis or pnexmonta if either or both was among the 
first three diagnoses recorded on the hospital discharge sum¬ 
mary (x.c.o. T codes 4SO. 490-502. 518-529). 

Uppcr-respiratory-tract infections without mention of 
bronchitis or pneumonia (51, 391-4; 470-9. 481, 510-7). 

Gastroenteritis without mention of respiratory infections 
(40-9. 517-2, 764. 7S4.1, 785.6). 

Other infections and inflammatory diseases, without men¬ 
tion of gastroenteritis or respiratory tract infections (1-39. 
$0, 52-139, 340-3, 370-9. 400-416. 468. 482-3, 531-2, 536-9. 
575-7, 582-3, 590-3, 600, 605, 607, 609, 614, 617.0-.2, 630, 
690-9, 

Injuries and poisoning regardless of other diagnoses 
(800-999). 

All other diagnoses . 

Results 

There were 11,350 livebom infants whose moth¬ 
ers had been interviewed in pregnancy. 678, who had 
major congenital malformations* or died before 
their first birthday, were excluded, leaving a study 
population of 10,672. At the time of the interview, 
92% of the mothers were smokers, and 7.4% had 
given up smoking earlier. For the total population 
studied, there were 25.4 admissions per 100 babies 
aged under 1 year. 

The infants of smokers had significantly more 
admissions to hospital, 30.0% compared with 24.9% 
for those of non-smokers (table i). They had higher 
rates of admissions for bronchitis or pneumonia 


TABLK I—ADMI1SIOV-R ATIS (p*R 100 INFANTS) BY DIAGNOSIS 
AND MATERNAL SMOKING CHARACTERISTICS 


EKa*no4» 

NoiHnokm 

(9686) 

Smoker* 

(9*6) 

Total 

(10.672) 

Bronchitis and pneumonia . 

• I 

13.1 (P <0.001) 

t.t 

Lppef-frspiratory-tract 
infection*............. . 

4.S 

S.JfNA.) 

4.4 

Gattrormenii*:. 

6.4 

4.5 (HA.) 

44 

Other iiuvcttmi* dj-e»*e*.. . 

1.1 

I.Kha.) 

1.1 

Iniurie* and poisoning.... 

0.4 

l.O(KO.Ol) 

0.5 

Other.... 

2.4 

3.1 (xa.) 

3.4 

AD.... . . 

24.4 

30.0 (a <0.001) 

2S.4 


»Net significant. 
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TABU n—AOMrSSIOK-BATCS (FT* 100 INFANTS) BT DIAGNOSIS, 
KATItNAL SMOKING. AND NOME* OF 
OCAUTTltS SMOKED DAILY 


SiMckita* ud 


Al other. 
Total.... 


Kmf 

•rooked 

(•*») 

Former 

•molten 

traa) 

Clean 

t-10 

0 * 7 ) 

eon fM 

11-20 

(120) 

■rday 

21 + 
CdO) 

Total 

(10.472) 

*.« 

M 

tt.S 

14.2 

31.7 

t.t 

15.5 

15.1 

Id.4 

17.3 

23.3 

15.d 

25.1 

22.9 

27.2 

23.5 

55.0 

25.4 


independently of this, they have smaller families. 

s&& 


TSfr f feii*1 < o jh 4fu»T/■ »b Ih >' n■'• *}r j "r, ' *- *-rt 



r . 


.SE 


| Difference* ukmi three eateitorie* of smoker*: for bronchitis aad pae«- 
" Matt, r <0.001, for other tofnom. not a r m ft ra n u 


and more (13.1 per 100) than the infants of non- 
wnokers (9.5 per 100) and more for injuries or 
poisoning (1.0 v. 0.4 per 100). They also had more 
upper-respiratorv-tract infections, gastroenteritis, 
infectious and inflammatory diseases, and other di¬ 
agnoses; though for each of these last four cate¬ 
gories the differences between infants of smokers 
and non-smokers were not statistically significant 
Infants born to smokers were in hospital for an av¬ 
erage of 384 days per 100 infants before their first 
birthday, 151 of them for bronchitis or pneumonia. 
These rates were 334 and 114, respectively, for the 
infants of non-smokers. However, there were no 
significant differences between the groups, exposed 
or not exposed to smoke, in average duration of 
each type of admission episode. 

Admissions for bronchitis or pneumonia increased* 

ifiofced^tfjS* tHiP Riother^table 11 ). There were no 
significant increases for any of the other diagnoses 
measured separately. Infants of mothers who had 
given up smoking had fewer admissions than those 
whose mothers had never smoked. This difference, 
which can be explained by the higher standard-of- 
living of those who gave up smoking, is not, how¬ 
ever, statistically significant for any single diag¬ 
nostic category. Infants bom to former smokers 
spent fewer days in hospital in the first year of life 
(231 per 100 infants, 79 of them for bronchitis or 
pneumonia), and their admission episodes tended to 
be shorter for each diagnosis. 

Women who smoke give birth to smaller infants, 1 
and birth-weight is an important predictor of ad¬ 
mission to hospital in West Jerusalem. 4 Admissions 
for bronchitis or pneumonia are more frequent in 
infants who are smaller or larger than average at 
birth; while for other diagnoses, increasing birth- 
weight predicts a decreasing probability of going 
to hospital. Tabic hi shows that the excess of ad¬ 
missions for bronchitis or pneumonia in the pas¬ 
sively smoking infants could not be wholly attributed 
to lower birth-weights, rates l>eing higher than in 
the infants of non-smokers for all three birth-weight 
groups. 

Two other important predictors of admission to 
hospital are social class, l>a*cd on the hns!>and*s oc¬ 
cupation, and birth order.'In West Jerusalem, smok¬ 
ing mothers tend to be of higher social class, and. 


’surmhH (table v). For ad 
missions in November to March, the rate in the 
exposed group was 46% higher than in the infants 
of non-smokers. For admissions in April to October, 
the excess was 24%. Of all the winter admissions 
for bronchitis and pneumonia, 42% were due to 
the effects of maternal smoking, compared to 2.4% 
of those in summer. Furthermore, for the rates 
of admissions for bronchitis and pneumonia attribu¬ 
table to smoking in the population as a whole, there 
was a threefold excess of winter over summer 
(026% compared to 0.08%), again a highly signifi¬ 
cant difference. These winter-summer differences are 
independent of small differences between smokers 
and non-smokers in the distribution of month of 
birth. 

The excess risk associated with maternal smoking 
was not uniform throughout the first year of life 
(fig. I). In the first 5 months of life there were no 
significant differences between infants born to smok¬ 
ers or non-smokers in rates of admissions for bron 
chitis or pneumonia. 


F iJtVtf Yl''• .>j *.V: i.'W 

%■ 




Jgj^eFT Toward the first birthday, differences 
between the two groups again disappeared. 

The excess of admission* 
ingkj: 

^ed^tcifirst^offfbhWfen (table vi). Although the 
numbers are small, the differences are most unlikely 
to be due to chance. 



2 3 4 5 6 7 ff 9 X) *1 



2 3 4 ft 6 7 • 9 10 U 

MONTH OF LIFE 

EpiMdca ot bronchitis and pneumonia, winter and rummer, Sa lTj^ 
tdatioa to maternal smoking. 
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in —admission-rates (rtm 100 cwaxti) itwacnosiv b ie im-wooit. and wttoai woctnc 




MOO+ 


Tout 

(Mdading •»known) 


S Non -5 S Noo-S S Xoo -5 5 Noo-S 

097 ) 0326 ) < 415 ) < 40 * 4 ) OM) 1 J 19 S) f* 6 ) < 9 *» 6 ) 


Bronchitis tad pwiwii.. 19.2 12.1 

Afl other___-__ 12.* 19.9 

M.......... 41 .S 12.2 


4.4 

S.2 

12.1 

4.4 


'9.5 

US 

24.4 

ISJ 

UJ 

1 14.9 

1S.S 

24.1 

22.4 

27 J 

22J 

* 20.0 

24.9 


S-Smokers. N» 5 -N« 


t 

i 


TAJU XV — Aiwmio st (FEE 100 INFANTS) BT DIAGNOSIS. SOCIAL Cl AIK, AND XATICCAL BCOCTNC 



Total 


S Kon-S S Noa-S S Naa-S S NoifS 

0*2) OM4) 027) 0619) (2*7) (1422) (9*6) (96*6) 


Bmchlda and pptnawrt.. 

.. *.* 

2.9 

15.4 

9.0 

19.5 

M.J 

12.1 

9.5 

Afl other. 


9.3 

19.9 

15.5 

25.2 

22.5 

14.9 

15.5 

Totml___ 


13.2 

25.5 

22.5 

42.7 

24.4 

JO.O 

24.9 


• XmM br hwfcwfi oenpuian. 


TABU V—ADMISSION-RATES (FER 100 INFANTS) INWINTER (NOVEMBIE-MABCH) AND BUMMER (AFRXL-OCTORRR) 

BT DIAGNOSIS AND HATUNAL SMOKING 


DflSDOcU 


Smokin g characteristic* of mother 

Bekrire ririt 

Admiwioo* attribut¬ 
able to invoking (% 
of total population) 

acaaoo — 

NmS 

S 

Total 

ate lor aoo-emokers) 

Bronchitis and pocumoos 

a Winter 

4.1 

4.9 

4.4 (P < 0 . 001 ) 

1.44 

0 . 2 * 


Sommer 

2.3 

4.2 

2.4 

1.27 

4.04 

Afl other 

Winter 

5.3 

5.5 

5.2 

1 . 4 * 

4.01 


Sommer 

10.2 

11.4 

10.2 

1.12 

0.11 

Tout 

Winter 

11.4 

14.4 

11.7 (P < 0 . 41 ) 

1 . 2 * 

0.27 


Sommer 

13.5 

15.4 

12.7 

KM 

0.19 


Discussion 

This study relics on information on maternal 
smoking which was collected antenatally. It is not 
known how closely smoking: in early pregnancy or 
mid-pregnancy correlates with habits after the birth 
and in the baby’s first year, but it seems reasonable 
to asume that for most mothers, smoking character¬ 
istics would have remained the same. However, 
there would inevitably have been some smoking 
mothers who subsequently gave up the habit, and 
others, especially former smokers, who took it up 
later. As a result, this study tends to underestimate 
true differences between infants of smokers and 
non-smokers, rather than the opposite. 

An unexpected finding was the absence of a sig¬ 
nificant excess of upper-respiratory-tract infections 
in the group exposed to smoke. Since smoking 
causes pathological changes in the upper, as well as 
lower respiratory tract 1 and upper-respiratory-tract 
illness is increased in smokers, 10 a measurable ex¬ 
cess of upper-tract morbidity was predicted in the 
passively smoking infants. Hospital inpatient mor¬ 
bidity, however, is a poor indicator of the incidence 
of upper-respiratory-tract illness since most infants 
with colds, influenza, pharyngitis, and otitis media 
would not be admitted. There was a slight excess 
of hospital admissions in each group exposed to 

i 


smoke, not only for upper-respiratory-tract illness 
but also for gastroenteritis and other diagnoses. 
This excess, while not statistically significant, was 
observed consistently within the demographic sub¬ 
groups, and may represent a small though subtle 
difference between smokers and non-smokers. 

Another unexpected finding was the excess of 
injuries in the first-borns of smokers. A certain 
excess was predicted for all birth-order groups, since 
substances in tobacco smoke may reduce visual and 
hearing acuity among other indices of sensory and 
motor function. 1 * 10 Smokers might, therefore, be 
more liable to accidents, but why the excess should 
be confined to first-born babies is not dear. Inchibr 


TABLE n—ADMTSSTOS-RATES (FEE too infants! to HOSPITAL 
FOE INJURIES AND POISONING, BY BIRTH OBDER 
AND MATERNAL SMOKING 


Bln* tank Nob — i ofctn Smokers Total 


Fim^ont. 7 7 t 5 

4.1 2.2 (P <0.000 0.5 

SKoadarkurbafa...,,., 21 J M 

4.4 4.S (ka) 0.4 

TlUl...... J* 10 4.9 

4.4 1.0<p<0.0l) 0.3 
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^ accidents, and in this context the interaction be^ 
tween 'birth order and smoking may be of trneres# 

dmise^Wleast in infants. The results diner from 
those of previous studies of parental smoking and 
child health. Shy et al.,” studying second-grade 
schoolchildren, found no relationship between re¬ 
spiratory illness and parental smoking. Cameron et 
< aL, 1 * on the other hand, did show an excess of acute 
- respiratory illness in children exposed to smoke at 
tfeome. The excess was only slight, however, in chil¬ 
dren under 5; it increased with increasing age, and 
may have been an effect of the children's smoking 
actively. 

This study is consistent with material published 
recently by Colley et al. 14 

This association could be mediated 
through an effect of passive exposure to parents' 
cigarette smoke in early childhood, since smoking in 
young adults is correlated with parental smoking. 

There is clearly a need for controlled studies in 
which objective indices of illness are related to mea¬ 
sured levets of environmental pollution by cigarette 


IMPORT AN CE OF WARM AND COLD 
ISCHAEMIA TIMES IN PRIMARY 
FAILURE OF HUMAN CADAVER 
KIDNEY TRANSPLANTS 

C L. Hall P. Dawson-Edwards 

R. W. Thomson A. D* Baines 

J. D. Blainey 

Medical Research Council Renal Research Laboratory, 
Clinical Research Blocks Queen Elizabeth Hospital ; 
Birmingham B15 2TH 


- A retrospective study was undertaken 

ummar 7 to determine the importance of warm 
and cold ischaemia times in the transplantation of a 
hundred and twelve human cadaver kidneys during 
a 5-year period in the Midlands. Cadaver kidneys 
with initial warm-ischaemia times of np to 60 
minutes were transplanted successfully. Damage sus¬ 
tained during cold ischaemia was one of the major 
factors in causing the primary failure of a kidney 
transplant. Cold ischaemia of less than 450 minutes 
gave a primary-failure rate of 15%. However, when 
cold ischaemia exceeded 450 minutes the failure-rate 
increased to 41%. With the present system of ice- 
containing polystyrene containers used to transport 
and store kidneys for transplantation, a cold isch¬ 
aemia of more than 7}4 hours is inadvisable. 


This work was supported hr grant no. 064)78-2 from the 
U.S. Department of Health. Education and Welfare. Public 
Health Service. We thank Sisters R. Prywes/H. Rossman, 
N. SamudofF, and XL Haber for their assistance. 

Requests for re p rints should be addressed to S. H. 
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Introduction 

Although ischaenrc injury to the kidney during 
cadaveric renal transplantation is unavoidable, it is 
the aim of all transplant teams to minimise this 
injury. I® the United Kingdom donor nephrectomy 
is usually carried out after circulatory arrest has 
occurred. Winn ischaemia is known to be especially 
damaging 1 and further ischaemic damage may occur 
whilst the kidneys are immersed in ice during trans¬ 
portation (cold-ischaemia damage), but the rate at 
which damage occurs during cold ischaemia is slower 
than during warm ischaemia.* Most British trans¬ 
plant units accept a cold-ischaemia time of as long 
as 20 hours if the warm*ischaemia time is short— 
less than 60 minutes. The failure of a transplanted 
kidney ever to secrete a significant quantity of urine 
is attributed usually to rejection during the oliguric 
phase, and the possibility that such a kidney may 
have been rendered non-viable by prolonged warm or 
cold ischaemia damage is often overlooked. 

We have examined the effect of the various 
ischaemia-times on the fate of a hundred and 
twelve human cadaver-kidney transplants in an at¬ 
tempt to determine the time limits that are advisable. 


Methods 

Midlands Kidneys (62) 

These were removed from donors using an en-bloc tech¬ 
nique.*^ The kidneys were separated, each bearing an 
aortic and a vena caval patch, and flushed through with 
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Colley, J.R.T. "Respiratory Symptoms in Children and Parental 
Smoking and Phlegm Production" British Medical Journal 2: 201- 

204, 1974. 


SUMMARY: A study of respiratory symptoms in 2,426 school children 
aged 6-14 years was carried out in Aylesbury, Buckinghamshire, in 
1971. The prevalence of cough in the children was associated with 
the parents' smoking habits; prevalence was lowest where both 
parents were non-smokers, highest where both parents smoked, and 
lay between these two levels where only one parent smoked. A close 
association was found between parents' and childrens' respiratory 
symptoms that was independent of parents' smoking habits. There 
was no suggestion that exposure to the cigarette smoke generated 
when parents smoked had any more than a small effect upon the 
child's respiratory symptoms. While the sharing of genetic 
susceptibility between parents and children is a factor, therefore, 
cross infection, particularly in the families where parents smoke, 
is an important element in the association. 
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Despite the increase in our knowledge and understanding of 
the pathogenic mechanisms present in patients with diffuse 
toxic goitre—particularly since the discovery of LATS (Adams* 
1958) and its characterization as an immunoglobulin (Adams 
and Kennedy* 1962; McKenzie* 19t>2; Kriss tt a/., 1964; 
Dorrin^ton tt o/., 1966)—the cause of the abnormal thyroid 
function in this disease has remained uncertain. The simplest 
explanation* and the only one which accounts for the pheno¬ 
menon of neonatal thyrotoxicosis* is that there is a circulating 
humoral stimulator acting upon the gland (McKenzie, 1972). 
Tbyrotrophin has been excluded from this role by the fact that 
Its level in blood is less than normal in diffuse toxic goitre 
(Adams it oh, 1969). To many workers LATS has been un¬ 
acceptable as a causative agent because it is undetectable in 
many eaves and the level in any individual patient does not 
correlate with the degree of abnormal thyroid function (Volpe 
tt oh, 1972). LATS protector, however, meets two criteria 
not fulfilled by LATS; our evidence confirms the high inci¬ 
dence of LATS protector in diffuse toxic goitre and shows that 
its scrum kvel correlates well with early thyroid '“l uptake. 
Furthermore, LATS protector has been shown to stimulate the 
human thyroid, both in vitro (Shishiba tt a/., 1973) and in vivo 
(Adams tt «i/*, 1974). VTe therefore think that in LATS-negative 
patients with diffuse toxic goitre LATS protector is the patho¬ 
genic agent. 

The question whether I-ATS protector is present in every 
case of diffuse toxic goitre remains open* It was not found in 
five of the 50 patients studied, but all these were relatively mild 
oses with normal or only slightly raised thyroid m l uptake 
and targe goitres. Failure to detect LATS protector in these 
mactfrc cases may have been due to assay insensitivity, but 
incorrect diagnosis of thyrotoxicosis or an alternative patho¬ 
genic mechanism for thyroid dysfunction are other possible 
explanations. 


201 


The pathogenesis of the ophthalmopathy of Graves's disease 
remains less well understood than the pathogenesis of thyro¬ 
toxicosis. We found no significant correlation between the class 
of ophthalmopathy and the LATS protector level. The highest 
incidence of infiltrative ophthalmopathy, however, was observed 
in the group of patients with both LATS and LATS protector, 
and the lowest incidence was in those patients in whom neither 
immunoglobulin qould be detected. Our findings support the 
view that LATS protector and ophthalmopathy may be asso¬ 
ciated in Graves's disease but the relation is not a causal one. 

We thank Mr. W. S. Gague foe skilled technical help* 

Requests for reprints should be addressed lo Dr. R. D. H. 
Stewart. 
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Respiratory Symptoms in Children and Parental Smoking 
and Phlegm Production 


J.R.T. COLLEY 


British Medical Journal, 1974* 2* 201-204 


A study of respiratory symptoms la 2,426 schoolchildren aged 
6-14 years was carried out in Aylesbury, Buckinghamshire, u » 
1971 . 



_ t*A close association was fouiul between 

parents* and children's respiratory symptoms that was Inde¬ 
pendent of parents* smoking habits. There was no 
suggestion that exposure to the cigarette smoke generated 
when parents smoked bad any more than a small effect upon 
the child's respiratory symptoms. While the sbaiing of genetic 
susceptibility between parents and children i s a factor, ther e- 
Ju% ere injection. 

an important dement in the association. 
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Introduction 

Normxn-Taylor and Dickinson (1972) suggested that children 
with parents who smoke may be at particular risk from res¬ 
piratory disease. These authors were not, however, explicit 
about the nature of the risk. They implied that exposure of 
children to cigarette smoke at home might increase the risk 
of respiratory illness. This paper reports the findings of a 
study in which the nature of the association between paternal 
smoking and respiratory disease in their children was investi¬ 
gated. 


Methods 

The material was collected during a study of the prevalence of 
respiratory disease in schoolchildren and their parents In 
Aylesbury; Buckinghamshire, in 1971. The population con¬ 
sisted of all children aged 6-14 years attending seven s c h ools 
in Aylesbury—a total of 2,398 children (1*3-8 boys and 1,270 
girls). Data were collected 00 2,426 children and their parents, 
a response rate of 93*4%. 

A self-administered questionnaire waa completed by the 
parents, who answered questions about their own and their 
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- childim's health. The relevant questions weir: (a) for each 
child. Does he/she usually cough during the day or at night in 
Ihe winter?; ib) for e*ch parent. (1) Do you usually bring 
Up any phlegm from your chest first thing in the morning m 
winter?; (2 a) Do you smoke? If "No"; (2 b ) Have you ever 
smoked as much as one cigarette a day for as long as a year? 
Parens who answered •'Yes’* io question (2 a) were classified 
as smokers. They were also asked how manv cigarettes they 
smoked a day, how many ounces of tobacco they smoked each 
week, and how many cigars, large and small, they smoked 
each week. Those parents that answered “No** to question 
(2 a) and answered question (2 b) in the negative were classi¬ 
fied as non-smokers, while those that responded in the affirma¬ 
tive to question (2 b) were classified as ex-smokers. The valid¬ 
ol of- the question on couch in the children when used in a 
•elf-administered questionnaire has already been established 
(Colley and Reid, 1970), as has that of the question oo phlegm 
production (Krueger et of., 1970). 

The father was asked about his occupation and from this 
hh social class was obtained. (Classification of Occupation 
1970). The number of siblings which the index child had was 
also recorded. 


Results 

ThereUiicn parents bet w een sowkinehr^vjmd prjfc 

Tilefict Me r wittf amouhr^^ey Parents were classified by 
smoking habit into five groups; group 1, boch parents non- 
smokers; group 2, one parent a smoker, the other a non- 
smoker; group 3, both parents smokers; group 4, both parents 
cx-tmokers or one an ex-smoker and the other a non-smoker 
or smoker; and group 5, one or both parents gave no data on 
smoking habits. Within these five groups the prevalence in the 
children of cough during the day or at nigh; in the winter was 
determined (table I). The cough prevalence rates were lowest 
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in children with one or both parents ex-smokers. The gradient 
in prevalence over groups 1, 2, and 3 was statistically sig¬ 
nificant (v 5 for trend 6 865; 001 > P > 0005). The findings 
indicated an association between parental smoking habits and 
the prevalence of symptoms in their children^ 

The anal vms was taken a stage further by classifying parents 
by both smoking habits and by their response to the question. 
Do you usually bring up any phlegm from your chest first 
thing in the morning in winter? (fable IT). Within each group 
the prevalence of cough in children was lowest among 
children of parents who did not report symptoms. It was 
highest in those children where both parents reported symp¬ 
toms. Where only one parent reported the symptom the preva¬ 
lence rate lav between these two extremes. Overall, there was 
a threefold difference in prevalence of cough between children 
with neither parent having the symptoms and both having 
the symptom. 

Some of the prevalence rates in table II were based on 
small numbers, but the numbers in the category where 
neither parent had symptoms allowed a firmer conclusion. It 
was thus interesting to note that in this category the preva¬ 
lence of cough rose from 124% in children of non-smoking 
parents to 14 3% where one parent smoked and «o 147% 
where both smoked. This trend while small and not statis¬ 
tically significant nevertheless raised the possibility that ex¬ 
posure to cigarette smoke at home when parents smoked 
might have had some effect on the child's respiratory tract. A 
more precise estimate of the effects of “passive, smoking** by 
the child was obtained by estimating the maximum daily ex¬ 
posure of the child to their parents' cigarette smoke. This was 
derived by the addition of both parents* daily cigarette con¬ 
sumption. Among the chil&en of parents who did not have 
morning phlegm there was a small gradient for cough preva¬ 
lence according to the number of cigarettes (or tobacco equiva¬ 
lent) smoked by the parents (table III). This gradient in 
prevalence is not, however, s tatistically significant (x* trend 
136; 030 > P> ©70). 


TABU I—friMlmci of Cough daring Day or at Night in XT inter im Children agtd 4*14 guarding ta Parent? Smoking Habit* 



foronts* Smoking Gfoop* 


Twit 

t 

1 * ! » - 

4 

9 

focacip (So.) of children wuh cough 

IS-* (M0) 

| IM (V47) | 

1*2(420) 

207 (217) 

l>«(2J74> 


•Set tnt for composition of troop*. 

tTottJ odwto M chtldro) for «Kooi tkm me w data am mih 


'Taste Tt—Prevalence of Cough dm** Day or at Night im Winter im CkOdrm agtd $-14 according ta Parma Snaking Nokia mi Promt* of Winter 
Morning Phlegm _ 


| Group 1 

| G«ow*2 

Group 2 

Group 4 


1 Total* 


Wmttr monwng phlegm \ | 1 

ftn porentt 1 Kttthcr j On* ] 


MtvtWri On* | Both 


Moth 



Both 

gVttvnugt (So.) of 1 12 4 I 27 S j 

gfeUftno-tthcoogh.. J (274) j (40) j 

•OO 147 247 | S2* 

(S> (420) |*7> { (17) 

14 7 I mi 415 
(Xt) 1 (IS*) (44) 

12 4 | 144 

€4*9) | C*4) 

27 1 
(17) 

IH j 

uaw) | 

2S ft 
(7*4) 

44 2 
0*4) 


Tool mtiudm ehMrm tot whom then wen oadern am eoogh ot poncm* moekm$ kobim m maetde* pkdegtm. 


TUU m—Prevalence of Couth dm** Day or at Night m Winter im CkOdrm agtd €-U according ta Parma Smoking Nokia , Nmmkor of Cigorrtta wmohe d t ami 
Promt* of Wmut Marmng Phlegm 


V 

—■ 

Group* > md > 

Group 4 

Total t 

Total KsWOrttW 

ft-* 1 ftD-t* 1 202* | >70 

Worn morning phkpm in tomtit i 

oo 

MaKKSDMPMEOHKMCnMDBKni 

N 1 Or* 

K j Of! 


tvmu«f (Sc.) of duklrm with 


t 12* 1 m I IH I M l I HR 21 f I MV MS j 1ST I 32 2 I 13* I 

| WM> J |*»> j (MS) j tat) j 047) «*V j 0»> 04) | O0*> | 1174) | t4**> | 


14ft 

Oil) 


DU 
CM 71) 


JR *7 

COT) 


X-Ni-ithrr. O^-On* or WtK , , _ 

•tncJoiini m*occo **J r»»«» npmitf to OfWttV iwmlrwi (tt* Todd, 1172). 

BToml cirl.iRtt m cJukUc* U* whom there mt oo data on cough at pot mo* t mtki r* l«ktt at 


mgpkdtm 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023382710 





























































tom? • MEDICAL journal 27 Ainu. 1974 

Several points have to be considered in interp r e ti ng these 
findings* A* in other studies (Holland et cl^ 1969; Colley and 
*970). social class gradients for respiratory symptoms in 
children were found in this scries. Children with fathers m 
semi-skilled and unskilled occupations had higher prevalence 
cates for respiratory symptoms than those whose fathers were 
in skilled or non-manual occupations. A concentration of low 
social class families in the groups where both parents re* 
ported winter morning phlecm could have produced a similar 
partem to that shown in table II. That this could not have 
accounted for the observed patterns of cough prevalance m 
the children may be seen in table IV, where cough prevalence 
is given for children in social class III according to the 
parents* history of phlegm production after standardization 
for smoking. Couch prevalence in the children increased, as 
before, with the presence of parental phlegm production. 


v '203 

curred to any material extent h would have meant that, as 
given in table II the prevalence of cough in children from 

group 2 was too high in relation to cough in children from 

group I and that the prevalence of cough in children from 

group 3 was still higher. If the prevalence of cough in chil¬ 

dren from group 2 were to be reduced in order to correct 
for this and that of children from group 3 were to be corrected 
even more then the gradient shown in table II would prob¬ 
ably become negative in that cough prevalence in children 
would have seemed to decline as more parents smoked. It 
therefore seems reasonable to conclude that the two possible 
qualifications to the data did not operate. 
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Quldren from large families have higher prevalence rates 
for respiratory symptoms than those from small families 
(Colley, 1970), and a concentration of large families in the 
groups of parents with symptoms might also have resulted in 
the prevalence of morning couch being similar to that shown 
in table II, It can be seen from table V, however, that 
within families of similar size the same gradients for cough 
prevalence according to parents* phlegm production were 
present, indicating that differences in die number of siblings 
could not have explained the gradient in cough prevalence. 
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Younger school children tend to have higher prevalence 
sates for winter cough than older children (Colley and Reid, 
1970). If the age distributions of children m the various 
groups in table II had not been the same prevalence rates 
berwetn these groups might also have differed, but there were 
no differences in age structure between these groups of chil¬ 
dren. 

Conclusions drawn from the evidence in this study need 
So be viewed with caution because it was not possible to col- 
lea evidence which would have excluded some other inter¬ 
pretation of the results. It was possible, for example, that the 
parents* account of their own symptoms might have in¬ 
fluenced the answers they gave for their children and that the 
apparent association between parents and children in their 
ttspiraiory experience could hjve been due to parents with 
aymptoms over-reporting symptoms in their children. The 
children of parents who smoked may also have been more 
iftkely to have smoked than children of non-smoking parents, 
amd this could have resulted tn an increased prevalence of 
cough an such children. If cither of these possibilities had ©c- 


Pisatsston 

Homun-Taylor and Dickinson (1972) in their study of chil¬ 
dren's respiratory infections and parental smoking habits re¬ 
ported higher prevalence rates for various indices of 
respiratory disease among children with parents who smoke. 
The present study, using a single index of respiratory disea^, 
confirms-their findings.-If can now be seen, however, that a 
direct association exists between respiratory symptoms In 
parents and in their children. Parcxijak smoking has* mainly 
Indirect effect on the child by inr^ 1 

piratorj^ sympton^ tt^thefi^childrSL The direct effect on the 
children*! respiratory symptoms of exposure to the smoke 
generated when their parents smoked cigarettes seemed to be 
relatively small* 

The reason for the association between respiratory symp¬ 
toms in parent and child is not dear. The sharing of genetic 
susceptibility between parents and children could have led to 
these similarities in respiratory disease, but this is unlikely to 
be the whole explanation, particularly in families where both 
parents smoke. There is, for example, no convincing evidence 
that adults who take up smoking have a greater genetic sus¬ 
ceptibility to respiratory disease than non-smokers, and there¬ 
fore there is no reason to suppose that susceptibility to res¬ 
piratory disease would be different in the children of smokers 
and non-smokers. On the other hand, smoking parents differed 
from the nonsmokers in that they had higher prevalence rates 
for respirator* symptoms and the rates rose with the amount 
smoked, indicating some direct effect of smoking in causing 
their symptoms. In these circumstances the association be¬ 
tween parents* and children's symptoms are more likely to be 
due to cross infection than to the sharing of genetic suscepti¬ 
bility. 

FfosStiiet* children* if th*‘ par 
*fc»bii?Tn adults giving up smoking can result in a 
reduction in couch and expectoration and, therefore, in the 
chance of transmiuint respiratory infections. Smoking parents, 
many of whom will nor yet have developed severe or 
irreversible respiratory damage, can reasonably expea an im¬ 
provement in symptoms if they give up the habit, and this 
would offer a promising way of seducing the risk of their 
children developing respiratory symptoms. 

The findings in this paper need confirmation. This could be 
done bv prevalence studies on a larger scale in other popula¬ 
tions where, for example such aspects as the possible over- 
reporting of symptoms could be adequately investigated. 
There is a need to investigate the likely benefit to «hc child 
from parents giving up smoking. Though passive inhalation 
of cigarette smoke bv the child ha* not been shown to have 
an important effect in this Krin^ia^ 

- 
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Choreo-athetosis and Encephalopathy Induced by Phenytoin 
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Summary 

Two patients with intractable epilepsy who had bees 
treated with various combinations of anticonvulsant 
drugs developed phenytoin encephalopathy. In both 
patients chorco-athetoid involuntary movements were 
prominent. Blood phenytoin concentrations were above 
30 Rg/'ml. When phenytoin was given in smaller doses and 
Its level in the blood fell the involuntary movements and 
other clinical manifestations disappeared. 


Introduction 

Nystagmus, ataxia, dizziness, and drowsiness are well-known 
lea tuxes of phenytoin toxicity which usually occur when the 
blood level is greater than 20 ug'ml (Buchtha! et a/., 1960). 
There have been few reports of other toxic effects on the central 
nervous system though Glaser (1973) pointed out that a re¬ 
versible encephalopathy may occur in some patients treated 
with large doses of the drug. We describe two patients m whom 
chorco-athetoid involuntary movements were a prominent and 
presenting feature and in whom the involuntary movements 
and the encephalopathy were closely correlated with very high 
blood phenytoin concentrations. 


Case Reports 

CAS! I 

A 31-year-old man who had attended hospital for many yean for 
management of epilepsy was admined for investigation of in¬ 
voluntary movement* and intractable seizures. Hr had had a 
febrile convulsion when 2 years old and had had recurrent petit 
snal and major generalized seizures since be was 7. An electro¬ 
encephalogram when he wav aged 13 showed rvp.ol, generalized, 
three-pcr-accond spike -and-wave complexes and diffuse burst i of 
theta and delta activity. When assessed for tndustnaJ training 
when aged 2ft he had an l.Q. of 84 on the WecMler Intelligence 
Sole. He was treated with various combinations of amicoovulsaatv 
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including troxidone, ethosuximide, primidone, and phenytoin, bur 
be continued to have two or three major seizures a month. When 
he was aged 29 Hodgkin's disease was diagnosed by biopsy of 
an enlarged cervical lymph node. No involvement of liver, spleen, 
or para-aortic nodes was seen on laparotomy and he was treated 
with radiotherapy to the neck. There had been no recurrence. 
Treatment with phenytoin 3<X) mg, phenobarbitooc 150 mg, and 
ethosuximide 750 mg daily was continued. Two yean later the 
seuurcs became more frequent (two to four a week) and primidone 
750 mg, carbanuzcpine 800 mf, and phenytoin 450 mg daily 
were gradually substituted for the previous treatment. During the 
next six weeks he complained of blurred vision and ataxia, leading 
to frrouent falls He continued to *ake the drugs. The seizures 
continued unchanged. 

On admission to hospital he was slightly drowsy but orientated. 
Several minor seizures were observed. He had grade I nystagmus 
in all directions and upward conjugate gaze was impaired. There 
wav generalized chorea which was present at rest and was en¬ 
hanced by movement, particularly by walking. Slurred and hesitant 
speech seemed to be due to interposed choreic movements of the 
lips and tongue. In the outstretched upper limbs choreiform 
involuntary movements were accompanied by irregular postural 
lapses of the fingers, which were thought to be typical of asterixis 
rather than chorea. The gait was unsteady, but there were no 
cerebellar signs in the limbs. There was no weakness or sensory 
impairment, the tendon reflexes were brisk, and both plantar re¬ 
sponses were flexor. Hyperplasia of the gums was noted. The 
increased frequency of seizures and the encephalopathy with in¬ 
voluntary movements were first ascribed to a degenerative or 
infective disorder associated wirh the Hodgkin's disease. The 
haemoglobin, white cell oount, E.S.R., liver function tests, blood 
urea and electrolvtes, skull and chrsi x-rav examinations, and 
brain scan were normal. The background activity in the EEC. 
was fragmented and slowed and there was an excess of diffuse, 
irregular delta activitv of moderate vobaee. Generalized atypical 
spike-and-wave activity was prominent. The blood phenytoin 
concentration was 37 ug/mL 

The possibility of phmvtoin encephalopathy was comidefcdL 
The daily dose of phenytoin was reduced to 200 me daily and 
that of primidone tncreawd to ft g. Carhamazrpme 800 mg daily 
was continued. During the next six days the patient became more 
alert, the chorea, ataxia, and nystapnus disappeared, and the 
blood phenytoin level fell to ft6 ug/ml. The seizures at first 
increased in frequency but then abated. Three weeks bier he 
returned to work. Neurological findings at that time were normal. 


CASS 2 

This 15-rear-old bov was referred for management of unoontrdUed 
epilepsy. He had had frequent minor and major seizures since the 
age of 2 when he had presented in status epikpticus. He had 
been treated with varying combination* of phenytoin, phrno* 
barbitooc, ethosuximide, and aulthiame and had been almost free 
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INFLUENCE OF PASSIVE SMOKING AND 
PARENTAL PHLEGM ON PNEUMONIA AND 
BRONCHITIS IN EARLY CHILDHOOD 
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Department of Medical Sta:istics and Epidemiology* 
London School of Hygiene and Tropical Medicine, 
London WCIE 7HT 

W. W. Holland R. T. Corkhiix 
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recorded annually, jnc inaaenc* 
ad bronchitis in the 
itlfparent^^ 


The incidence of pneumonia and 
Summary | aronc | 1 i; t | s has been studied in 2205 
Infants over the first five years of life. In the same 
period their parents’ smoking habits and respiratory 
symptoms were recorded annually. The incident 
cf pneumonia and 

lissdda ” __ 

eS^non^smokers, 

_between these 

Fonly'one parent smoked. Over the 
age of one year the association was not consistent. 
When parents’ respiratory symptoms were also studied 
a dose association was found with the incidence of 
pneumonia and bronchitis in the child; this was 
independent of parents* smoking habits and was an 
almost consistent finding throughout the first five 
year* of life. In the first year of life exposure to 
dgwtte^ smokdft 

douWed^th^nsSTf6* tf^mfaht of an attack of pneu- 
anra^^'tmmchltis. 


Introduction 

- Infants who inhale the tobacco smoke generated 
when their parents smoke at home may have a 
greater risk of chest illness than the infants of non¬ 
smoking parents. We have studied the influence of 
parental smoking and respiratory symptoms for effects 
on the incidence of pneumonia and bronchitis in their 
children during the first five years of life. 

Methods 

The data that form the basis of this paper are pan 
of those collected during a longitudinal study of newtom 
infants and their families. The study was conducted in 
Harrow, a borough in north-west London, between 1963 
and 1969 and involved all families living m si* of the 
wards of the borough who had an infant bom in the period 


July I, 1963, to June 30, 1965. A total of 2365 families 
had newborn infants during this period, and, of these, 
2205 (93%) were included in the study. The 6*8% 
excluded (Le., 160 families) had either moved away from 
the area before they could be visited or refused to 
•cooperate in the study (table 1 ). The analysis that follows 
has been based upon the infants bom to these families. 
After exclusions—for example, multiple births—2149 
infants were eligible for study. Over the five years of 
follow-up losses inevitably occurred from the original 
population; these were small and are unlikely to have 
seriously biased the findings in the later years of follow-up. 

Health visitors, who received special training,* admin¬ 
istered a questionary to the parents, when, as pan of their 


TABLE I—SURVEY f OPULATION OVER THE FIVE YEARS OF FOLLOW-UF 


No. of families 
with newborn 
infants bom July 
1, 1963, to June 
>0, 1965 


No. of index infants at annual follow-up 


Total 

Cooperated 
in survey 

Initial 

visit 

First 

Second 

Third 

Ipocnh 

Fifth 

2365 

2205 

2149 

2122 

2109 

2096 

2097 

2095 


routine duties, they visited the infant and mother at home 
within fourteen days of the delivery. At this visit a 
number of items were recorded, including birth-weight in 
pounds to the nearest pound below*. 

The health visitor also administered a questionary which 
included questions on respiratory symptoms and smoking 
habits. In this paper positive responses to the question 
" Do you usually bring up any phlegm from your chest 
first thing in the morning in the winter? " has been used 
as evidence for parental respiratory disability. To elicit 
smoking habits the questions were: "Do you smoke?" 
If answered " yes ", the parent was classified as a present 
smoker. If answered “ no " the parent was asked " Have 
you ever smoked? ” If the answer was “ yes", then the 
parent was classified as an ex-smoker. If answered ** no " 
the parent was asked " Have you ever smoked as much 
as one cigarette a.day for as long as a year? ” An answer 
"no" classified parents as non-smokers. The present 
smokers were also asked " How many cigarettes are you 
smoking now? " The validity of the answers to these 
questions has already been established. 1 

The families were followed up annually for the next 
five years by postal questionaries. Each year parents were 
asked the following questions. For the infant^ "Has 
he/she had in the past twelve months bronchitis? 
Pneumonia? " For the parents, "Did you usually bring 
up any phlegm from your chest first thing in the morning 
Last winter? " Smoking habits were assessed using the 
question " Do you smoke? " If " yes ", " How many are 


m* 


s 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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you smoking now? ” The validity of answers to the 
question on infant bronchitis and pneumonia was assessed 
by checking* in a sample, the parents* account of such 
an illness with the family doctor’s ease-notes. The kvel 
of agreement was adequate and corresponded to that 
obtained in other studies where mothers were asked about 
their children’s past health. The validity of the question on 
phlegm production in the parents has also been established.* 

In the tables that follow, parents have been classified 
according to their smoking habits. Parents who at the 
initial visit had never smoked, and at the first and sub¬ 
sequent follow-ups had not taken up the habit, were 
classified at each follow-up as non-smokers. In the same 
way parents who at the initial visit were present smokers, 
and at the first and subsequent follow-ups did not give 
up the habit, were classified on each occasion as present 
smokers. There remained a further group of parents 
who had changed their habits. These included parents 
who at the initial visit were ex-smokers. They had been 
permanently allocated, irrespective of whether or not they 
took up smoking again, to the 44 ex-smokers or changed 
habits” group. In addition there is a further group of 
parents who were either non-smokers or smokers at the 
initial visit but who changed their'habits during their 
follow-up. When this occurred they were reclassified 
permanently as members of the M ex-smokers ot changed 
habits ” group. In this way, for example, parents who were 
smokers at the initial and first and second follow-up visits 
would be classified as such at these follow-ups. If on 
the third follow-up they gave up smoking they would be 
moved to the “ex-smoker or changed habits” group for 
that and subsequent follow-up years. This method of 
classification ensures that at each follow-up year the group 
of M non-smoking ” and " present smoking ” parents con¬ 
tains parents with consistent smoking habits. The diminish¬ 
ing numbers at each follow-up in these two groups is a 
result of parents changing their habits and is balanced 
by the increasing numbers in the 44 ex-smokers and changed 
habits ” group. The totals in these tables do not correspond 
to those in table t. * This is accounted for by the exclusion 
of single-parent families and by absent data. 

Results 

The annual incidence per 100 children of pneumonia 
and bronchitis is given in table it by parents* smoking 
habit. Parents have been classified into one of four 
groups: (1) both parents non-smokers; (2) one parent 
smoker, the other non-smoker; (3) both parents 
smokers; (4) both parents ex-smokers, or one an ex¬ 
smoker, or parents who changed their smoking habits 
during the study. The incidence of pneumonia and* 


TABU n—PNEUMONIA AND BRONCHITIS «T PWltMT** SMOKING 
HABITS 



bronchitis in the infant shows a gradient by parents’ 

highestlio between 
these values where* one 1 "parent amoke^^ This is 
-awyjt|gsdcally significant gradient (p<0*0005> f In 
subsequent years there is no such clear gradient. 

In table m parents have been classified both by 
their smoking habits and by their response to the 
question “ Did you usually bring up any phlegm from 
your chest first thing in the morning in the last 
winter? ” In all categories except one, the incidence 
within a smoking category is higher among children 
where one or both parents have winter morning phlegm 
than in children whose parents are both free of this 
symptom. Some of the incidence-rates in the children 


—in particular those whose parents arc both non- 
smokers and who have winter morning phlegm—are 
based upon small numbers and therefore may not be 
wholly reliable. On the other hand, the incidence- 


rates in children where neither parent has symptoms, 
whether they smoke or not, are based upon sub¬ 
stantial numbers. In them in the first year of life 
a consistent gradient^ seenin*the' incidence J5 
pnetixndh^hnd'bronchitis in <jhc children in rclaritm 
to the parents’ smoking habits- The rates are lowest 
in children of non-smoking parents and highest where 


TABtB tit—PKtUMONJA AND BRONCHITIS IN THX TOST WVE TEARS Of UFI BY BARENTS* SMOKING fUMT AND MORNING PHLEGM 



M » Beithtt with iriMCT mocftin| phktro- ©/■ - one or both with winter morning pWf*m. 


• \ 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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lOU IV— PNEUMONIA AND BRONCHITIS IT HUMBER OF CIGARETTES 
SMOKED PER DAY BY BARENTS AND WINTER MORNING PHLEGM 

Aadui! incidence per 100 children (abtolute numben 
ia psrtmhcm) of pneumonia and bronchia* 


Twof 

follow. 

Both non- 

One or both amok era* of following 
number of cigarettes per day t: 




1- 

14 

15-24 

25 and over 


1 It 

oto 

: N 

0 It 

N ©/• 

N 

-1 

©to 

s 

74 

10*3 

104 

15 l 

111 145 

15 2 

232 


043) 

(29) 

(269) 

(53) 

(171) 06) 

(323) 

038) 

a 

81 

83 

52 

164 

86 145 

97 

96 


<S») 

OS) 

(230 

(55) 

(151) (62) 

(269) 

064) 

» 

47 

8 1 

11*2 

8 6 

62 95 

8 6 

11 2 


DOS) 

07) 

(706) 

(58) 

[(146) (42) 

(243) 

061) 

4 

8-0 

in 

55 

133 

7*4 11 5 

9 1 

103 


0*7) 

OS) 

(163) 

(45) 

036) (52). 

(243) 

(126) 

5 

67 

147 

63 

114 

44 74 

4 1 

10 6 


0*5) 

04) 

044) 

(44) 

013) (53) 

(218) 

(142) 


• Bsdudins parent pain where one or both are ex-smoker* or chanted 
smoking habit 

1 Includes tobacco and apn expressed as cigarette equivalents (see 
Todd"). 

*r— neither with winter morning phlegm. o/t*o8c or both with 
Winter morning phlegm. 

both parents smolte. In children over the age of a 
year there is, however, no consistent gradient. 

Exposure of the child to cigarette smoke may be 
more precisely estimated from the total daily cigarette 
consumption of both parents. In table iv the incidence 
of pneumonia and bronchitis is given for parent pairs 
smoking between them 1-14, 15-24, and 25 or more 
cigarettes per day, by the presence of winter morning 
phlegm. A dear gradient of increasing incidence is 
seen in the first year of life that is independent of 
the presence of winter morning phlegm and is of the 
same size as that in table iii. In the second yctu and 
thereafter the pattern is not consistent and thus does 
not suggest an effect of exposure to tobacco smoke 
at ages over one year. 

The gradients of incidence, particularly those 
attributable to passive smoking in the first year of 
life, could result from other factors which arc known 
to influence respiratory disease in infancy—for 
example, serial class and family size. These factors 
might account for the gradients if children of low 
social class or of large family size were concentrated 
in families where the parents smoked or had chest 
symptoms. That these factors did not explain the 
observed gradient can be seen in tables v and vl In 
table v, the findings for social class m alone are 


examined. The patterns for pneumonia and bron¬ 
chitis for all children in the first year of life persist. 
Similarly, in table vi, where the data are subdivided 
by the number of siblings in the family, the patterns 
tor pneumonia and bronchitis persist within families 
of the same size. This makes it unlikely that either 
social class or family size can be responsible for these 
patterns of respiratory-disease incidence. 

The infants of mothers who smoke in pregnancy are, 
on average, lighter than those of mothers who do not 
smoke.* As infants of low birth-weight are more likely 
to suffer respiratory illness than normal-weight in¬ 
fants, it is possible that the gradients in respiratory 
disease observed in the first year of life, and in par¬ 
ticular the effects of passive smoking, may be due, 
indirectly, to maternal smoking during pregnancy. 
In this study, birth-weight, as expected, shows a 

TAELS V—PNEUMONIA AND BRONCHITIS IN THE FIRST YEAR BY 
PARENTS* SMOKING HABIT AND WINTER MORNING PHLEGM FOR 
SOCIAL CLASS HI 

Annual incidence per 100 children (absolute numben in 
paren there*) of pneumonia and bronchitis 


Both non- 
smoker* 

One 

smoker 

Both 

smokers 

Both ex- 
smoker* 
or one ex- 
smoker 

An 

M 0/1 

N O/l 

H O/B 

X 

7 

N 0/1 

5*9 204) 

9 5 16*5 

171 23*9 

71 12 1 

9 6 ' 18 2 

071) (15) j 

(263) (79) 

(217) 

(294) (66) 

(945) (248) 


N - neither with winter moraine phlegm^ of* * one or both with winter 
morning phlegm. 

gradient by parents* initial smoking habit, and to a 
lesser extent by winter morning phlegm. Thus 
parents who smoke have lighter infants than parents 
who do not smoke. The gradients in the incidence 
of pneumonia and bronchitis with parental smoking, 
and with winter morning phelgm, might therefore be 
partly attributable to differences in birth-weight. 
However, within different birth-weight categories 
the gradients for pneumonia and bronchitis with 
parents’ smoking habits persist. Thus differences in 
birth-weight cannot account for the higher risk of 
pneumonia and bronchitis in the first year cf life in 
children exposed to the cigarette smoke generated 
when their parents smoke at home. 

Discussion 

An association between the respiratory symptoms 


TABLE YE—PNEUMONIA AKD BRONCHITIS IN THE FIRST YEAR BY NUMBER OF SIBLINGS AND BY PARENTS* SMOKING HABIT AKD WINTER 

MORNING PHLEGM 


Annual incidence per 100 children (iholute number* in parentheie*) of jwumofii* tnd bronchitis 


Both ex-tmnkert or 
one ex-wnokef or 
smoking habit chanced 




M »neither with winter morning phlegm. e/l»»o©e or both with winter met nine phlegm. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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in parents and in their school-age children was re¬ 
ported by Colley.* The present study demonstrates 
that this association is also found in younger children 
as early as the first year of life. The nature of this 
association, as Colley noted, is not clear. He con¬ 
cluded that it was unlikely to be an artefact due, for 
example, to parents with symptoms over-reporting 
symptoms in their children. In the present study a 
sample of parents had their account of respiratory 
illnesses in their children checked against the doc¬ 
tors’ records. The close agreement between these 
two accounts makes it unlikely that over-reporting 
in families where parents have symptoms has occurred 
to any important extent. 

The association could be a result of shared genetic 
susceptibility to respiratory disease between parents 
and children, to living in the same home environment, 
and to cross-infection within the family. Twin studies 
in adults have not been notably successful in assessing 
the genetic contribution to adult chronic respiratory 
disease, and no studies have yet been reported where 
this aspect was investigated in parents and their 
children. The contribution made by the other factors 
to this association can, at present, only be guessed at. 

Passive smoking by the infant, after differences in 
birth-weight and parental respiratory. tym^flffihs have 
been allowed foft inaeasesfthe risfffto the infant of 
>^eum°nia life. 

that of infants with non-smoking parents: The find¬ 
ings confirm and extend those of Harlap and Davies.* 
These workers did not, however, have information on 
fathers* smoking habiis, nor did they take account of 
parents' respiratory symptoms. 

A picture has thus emerged of a serious risk tpr 
infants in the first year cfy life from exposure to thor 
parents* cigarette smoke/ In contrast, between one 
and five years of age, there does not appear to be 
any important effect of passive smoking in increasing 
the risk of pneumonia and bronchitis. Colley,* in 
6-14-year-olds also found no association between 
passive smoking and the prevalence of chronic cough, 

The estimates of children’s exposure to cigarette 
smoke in this study are crude, being based either on 
whether parents were smokers or not, or on their 
total daily cigarette consumption. The smoke exposure 
of the children may have been overestimated, since 
parents—in particular the father—will smoke outside 
the home, or at times when the infant is not present. 
The effects on the child may thus have resulted from 
exposure to levels of cigarette smoke less than those 
suggested by our study. 

The evidence from this study, taken with that of 
Harlap and Davies,* 
framing parentrwho smo^ 

"lor their children fcoilT from the direct effect of tbdr 

respiratory, symptoms^Attacks of pneumonia aha 
bronchitis, particularly Inthe* first-year of life, can 
ftfil mult in infant death despite prompt and vigorous 
- treatment, -In those*that* aujryiys/.aud*, illnesses and " 



longer-term consequences of such childhood illnesses 
have been underlined by the findings in a cohort of 
infants followed to the age of 20i* At this age the 
prevalence of chronic cough, after allowing for current 
smoking habits, social class of father, and air-pollution 
exposure, was higher in those with a documented 
history of a chest illness under the age of 2 yean than 
in those without this history. If, by the age of 20, 
such long-term effects arc found, these could persist 
into middle and late adult life and contribute to the 
evolution of chronic respiratory disease. 

Oppornwities for the prevention of tra o uy respira¬ 
tory disease In infancy; and^hOdH^^feVfew. If 
parents who smoke give up the hattnEc^cia reason¬ 
ably expect to lose, otat least dcpenence an improve¬ 
ment in, their respiratory symptoms. This might well 
result in reduction of respiratory illnesses in their 
children. At the same rime the absence tf cigarette 
smoke in ‘ (he home could be expected mjffiminish 
the rise of attacks^ pneumonia and bronchi iff in their 
children during the first year of life. 

This study was conducted jointly with the Health, Welfare, 
and Children’s Departir.ent of the London Borough of Harrow, 
and we would particularly like to thank the Superintendent 
Health Visitors and their staff, the Senior Administrative 
Assistant in the Personnel Health Section and his staff, and 
others who took part for their help sod cooperation in this 
study. Our dunks go to the fieldworkers from the Department 
of Community Medicine for the maintenance of the records 
and for their diligence is carrying out the fieldwork during 
the five years of follow-up. We are also grateful to the 
statistical assistants of the department lot carrying out the 
analysis of the data. 

This study has been supported, in part, by a grant from 
the Department of Health and Social Security for which we 
art very grateful. 
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in 2205 infants over the first five years of life. In the same 
period their parents' smoking habits and respiratory symptoms were 
recorded annually. The incidence of pneumonia and bronchitis in 
the first year of life was associated with parents' smoking habits; 
incidence was lowest where both parents were non-smokers, highest 
where both smoked, and lay between these two levels where only one 
parent smoked. Over the age of one year the association' was not 
consistent. When parents' respiratory symptoms were also studied 
a close association was found with the incidence of pneumonia and 
bronchitis in the child; this was independent of parents' smoking 
habits and was an' almost consistent finding throughout the first 
five years of life. In the first year of life exposure to cigarette 
smoke generated when parents smoked doubled the risk for the infant 
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ABSTRACT: A study of the effects of family smoking habits 
on the symptoms of other family members has shown 1 that symptoms of 
household members, especially children, are related to smoking 
habits within the households but are not significantly so when 
symptoms in adults are controlled. 
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Respiratory Symptoms Related to Smoking 
Habits of Family Adults* 

Mieltoc! D. Lebouitz, P/i.Dand Benjamin Burrous. AI.D.. F.C.C.P. 


at tfce effects sf (mil) tmvkimt habits •• Ibe 
#f oilier family members bos show* Ibst iys»|K 
Hmu of boosebol d members, especially children. are re* 


I t has been supcested that smoking habits of indi¬ 
viduals in a family may have an effect on the 
health of other family members, particularly chil¬ 
dren. through environmental exposure to tobacco 
smoke. M: Colley 1 has demonstrated such an effect, 
and Holland* (personal communication. August. 
1974) has also inferred the possibility that such an 
effect exists. But. as noted by Colley* and others** 
the data are complicated by concurrent relation¬ 
ships of childrens symptoms to other familial fac¬ 
tors. particularly the relation of children s symptom 
reports to parents' symptom reports, and it remains 
uncertain that parental smoking habits per if are 
related to symptoms in children. 

This report examines the question of the effect of 
cigarette smokinc in the household on household 
members. Personal smoking habits within age 
group, as well as parental symptom histories, are 
examined in this relationship. Children’s symptoms 
•re emphasized, and other important factors, such as 
social status and family size, are examined. 

Methods 

The Tucvm Epidemiological Study of Olwtructive Lung 
Di«ri<fi is a Inneituiliiul study e»t • stratified clu*tef random 
sample of Anglo-white knuvItoIJi ih the community. Meth¬ 
od* of study have been described in detail ehewliere* The 
final sample rumnted of 3,454 An*lo-**-hite imltviduak from 
a total 1.AS5 houwhnkk. Each individual within the house* 
hold completed a aelf-adminntered questionnaire, which con- 
«a>nr<l minmufion m demographic rltartiieristic*, medical 
Inane*. ir*p«rator> ki*lor>. migration. snwiiinc. am) oiler 
factor* po**ihh- t**nculnl with dslruitive pulmonary tli**- 
Ropiratory symptom question* included tlwae in tl*e 

•prom the DoRion of Respirator* Sciences. Department of 
Internal Medicine. College nf Med nine. Arizona Medical 
Center. Vimen.it> nf Artzima. Tucson. 
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•tatrd la smoking habits within the household* but are not 
significantly so when symptoms in ndulu are controlled. 


National Heart ami Lung ln*tifute Standanlirvd Respirator* 
Symptom Questionnaire, a modiRcahon of the Bntoli Med¬ 
ical Research Council Respiratory Questionnaire For Mthtetl* 
under ace 15. the questionnaire wa* completed b> tlie parent 
nr guardian. Social and environmental history*, occupational 
hivtnnet on those employed, and family hRtmie* were ob¬ 
tained by trained nnr**-interviewer*. Ohfrrtivt tea* per¬ 
formed included flow-volume measurement*. 

Thi* paper k concerned with the *ymptnm* nf prr*i*tent 
cough, pertinent phlegm, wlieezr. phy*Kunconfinrnrd 
asthma nr bronchial trouble, emphy»rma. anti oilier* 

Socioeconomic rtatu* was represented by the torweronomic 
strata used in the initial selection of the population, hy the 
liead-offhouvlioltr* education, and by famili income. Path 
family** wnolmg and symptom histone* were derived from 
the adult informal mm 

Tabular aiulyvn nf data was performed. with all data 
pnxT**ing Irmr performed on a computer (CIX 54(1)1 
Parametric and non parametric tea* id significance were 
utilized. 

Children under 15 year* were presumed to lie mmsmolrr* 
Of the sisty 14-year-old children trwnplrting vmnlmg hi*- 
tone*, only two girk indicated any anioLing histor*. aml tl*ry 
smoked very few cigarette*. 

Kksvlts 

t Children in households with present smokers have 
Jtigher overall Rites of pmblmt cuugh. persistent 
pblrpn, physician* 

confirmed "asthma; bnmchlal trouble, or rmphy* 
•emu*’ than, those children in households with only 
^oa-wnnkefs or'those* who never •rooked. ns seen in 
ffTnbte l, v Although the trend exists for all of the 
conditions onh' the trend for persistent cough wa^ 
xnutbtically significant fThe results for all adult non- 
smokers are also seen in Table 1. There was ihi 
significant trend in adult symptoms in relation to 
household smoking. There were no significant age 
differences in symptom prevalence rates in adult 
nommokers. 

Further analyses were performed to determine if 
the effect observed in children might result from 

CHEST. (9: i. JANUARY, 1976 
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Ar* »nd Imhv 14 l 11 .nl Smokme Group by 
ihrM<w-h>da rtilt • Snwdoni: llnliiti* 
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B*rrM«trnt 

K’hh«mi 

\\ lurrine 
MiM Ifciv* 

IVmfirmcil 

AHF.* 

No 

Oiddrrn ( CIS vrj 

llll : IVrwnt emoker* 

10 4 

SO 

30 

3h7 

337 

Ka-wmoker* 

37 

3.7 

18 

166 

I6i 

Nrvrr *mokrr* 

«3 

34 

08 

175 

126 

Total 

78 

4 6 

3 8 

195 

62i» 

P IX»!** 

coax 

NS 

NS 

NS 


Never «m*»kp*r» ( + 15 vr)t 

llll: |Ve***nl WftnkfTR 

ns 

86 
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A 1 

6 5 

5 5 
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A 1 
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lm*n«-)i»;il (rouble, w rmpliywmn 
•*NS, \u1 MCHifin ;il»l 

tUatr*. not *4enihmnilv affe-def'emlrnt in adult* who never amokrd 


differences in ages of children, social status, family 
*i7.c, or migration status in households of different 
smoking habits. T1 h*so factors did not significantly 
<3iff(*r between such households. 

The presidents rates of child ren * symptoms were 
examined: in relationship to both current smoking 
habits and symptom histories c/ adults in tl* house¬ 
hold (Table 2) Ch4drrn in hnmehoVds containing 
■dolts with the specifir symptoms had a higher 
prevalence of symptom*. regardless of the family 
smoking habits. When the preseirce of symptoms in 
adults was taken into account by partitioning house¬ 
holds into those where adults had tlse symptom(s) 
and those where adults didn't have the tymptom(s). 


mo statistically significant difference remained in 
.children * symptoms related to the household smok¬ 
ing habits. However, though not statistically signifi¬ 
cant, nmst childrens symptoms were consistently 
higher in currently smoking families than in current¬ 
ly nonsmoking families. 

Some prevalence rates of children's symptoms 
within presently smoking households with adult 
symptoms were significantly greater than symptom 
rates for children in the households without symp¬ 
toms in adults. 

There were no significant differences in childrens 
prevalence rates of bronchiolitis, croup, pneumonia, 
or a combination of those three, in relation to the 


Table 1 — ^reviewer Rale* of Ckildrrn** Symptom* in NMmtiom $o Tkrir HouoeKottT* 
Admit*' Smoking Nokit* mod Symptom* 


IVrvwW-npr and Prrvalmer Rate* (per 1Ub.»f Children** Symptoms 


IliiurkitM 

Fm**rmt 

Cou*h 

fVrwtrnt 

Phlrffn 

PmuNtml 

Cou«h 

and/or 

Pblrjtm 

Whrrar 

Pluwun- 

Confirmed 

AUE* 

All 

Respiratory 

Symptom*** 

Smukmc and 

Symptom* 

No. 

Rate 

N«. 

Rale 

No Rate 

No 

Rate 

No 

Rate 

No. 

Rate 

|(mi*rho1d* with nsaptom 
Proent amokerw 

10 

«cot 

21 

12 Bt 

40 

100 

115 

437t 

41 

27 3 

173 

SO 1 

Ea- and nrvrr smoker* 

4 

128 

3 * 

100 

6 

130 

6*1 

44.7 

25 

234 

00 

448 

Household* without pymptom* 
Prm-nt amokrr* 

16 

7.2 

« 

26 

13 

66 

32 

24 1 

47 

103 

20 

30 2 

Ei- and nrvrr smoker* 

It 

37 

6 

20 

II 

30 

46 

134 

18 

126 

28 

250 


*A«thma, l»ronrhiaI trouble. or rfn|phv*rma. 

••Alli of |trrrr«im|t eymptomn and e»rrt»onal dymmra (*mde 2+); unconfirmed AUK; and pbywcinn-eonfirmrd «mphy*rma. 
rhmnir ltmnrhiii«, lirorw-herliw. and/or vthnn 

tSycnifiranf |v higher (P<0 0R) than rate for rliihlrrn in household* without rymptom* (any amoking emlrifory), but not higher 
I Kan em- or never amokrr* to bet uphold* vilb tymptom*. an pn uwt* of diffrrmec l *■ tween proportion* and cdu-«quarr 
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vimliitg ImImU of Htlkt or both fMrcuK.No differ- 
ni(vs in finding* u«*ri* tint til ii oik* cxamiiird %vmp- 
Ioiiin l»v wln tlirr thr father alone. tin* mother alone, 
or both vmnknl. 

Symptoms in children and in families were related 
to oik' another. W hen all the comhinntionv ol chil¬ 
dren^ *ymptom\ were examined in relation to adult 
hnuM'liold smoking and symptoms. the trend* were 
almost always the same as previously found, though 
not statistically significant. 

Discussion 

The results from this study do not indicate the 
same significance of social status, family sire, or 
specific age of children in relation to the effect of 
household smoking on childrens symptoms that 
Colley* found, but tiny do confirm tlut symptoms 
svithin the adults of the household definitely apfvar 
to mBuence tlte symptoms reported for the children: 


This finding lias far-reaching significant ramifica¬ 
tions related to both the reporting of symptom* in 
children and factors which may be responsibly for 
such familial' aggregation of symptoms Longi¬ 
tudinal follow-up of the children in the various type* 
of households may help detect any long-term effect 
of paternal smoking. 

Remoras 

1 Odk-v JRT: Rr\p*r*tnry i y mpt nm s in children and 
pan-nut Mnoling tnd phlegm production. Br Med j 2:201- 
*04. 1974 

2 Midland \V\V; Respiratory cymptom, and vrntdatnry func¬ 
tion A family' stmly- Br ) Pro Sue Mid 2X77-64. l.Ofi 1 ) 

3 Xiwman-Tsylut VV, Dn-kirnon VA: Dancer* for children 
in smoking families. Community Med 126:32. M)72 

4 Lrlio*»ti MD. KnrnUnn RJ.Bumnv* B; Tuonn rpidrnww 
Ingical study of idhtnirtiit lime di*c*M-v; 1. Mctlmdoktcv 
•ml pmlWiKr of disease. Am ) Epidemiol 102:137-162. 
1974 


ANNOUNCEMENT 

American College of Chest Physicians 
Postgraduate Course 

Problems in the Diagnosis and Treatment of Occupational lung Disease 
March 15-17, 1976 The Towers Hotel Chicago* Illinois 

This three day course will focus on clinical diagnostic strategies and treatment of the 
chronically exposed worker. Major occupational respiratory disease entities, where they are 
found, numbers of workers exposed, and the mechanisms of disease production will be dis¬ 
cussed. Interesting case studies will be presented by the faculty for panel discussion. The 
course is directed at upgrading knowledge of occupational respiratory disease and review¬ 
ing current practices in occupational medicine. 

For more information, write Mr. Dale E. Braddy, Director of Education, 911 Busse Highway, 
Park Ridge, Illinois 60068. 
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Leeder, S.R., Corkhill, R., Irwig, L.M., Holland, W.W., Colley, 
J.R.T. "Influence of family factors on the incidence of lower 
respiratory illness during the first year of life" Brit. J. prev. 
soc. Med. 30: 203-212, 1976. 

SUMMARY: In a study of a cohort of over 2000 children born between 
1963 and 1965, the incidence of bronchitis and pneumonia during 
their first year of life was found to be associated with several 
family factors. The most important determinant of respiratory 
illness in these infants was an attack of bronchitis or pneumonia 
in a sibling. The age of these siblings, and their number, also 
contributed to this incidence. Parental respiratory symptoms, 
including persistent cough and phlegm, and asthma or wheezing, as 
well as parental smoking habits, had lesser but nevertheless 
important effects. Parental smoking, however, stands out from all 
other factors as the one most amenable to change in seeking to 
prevent bronchitis and pneumonia in infants. 
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Influence of family factors on the incidence of 
lower respiratory illness during the first year of life 

S R. LEEDER*, R. CORKHILL, L. M. IRWIGf, and W. W. HOLLAND 

Department of Community Medicine, St Thomas's Hospital Medical School, St Thomas's Hospital , London 

J. R. T. COLLEY 

Department of Community Health, Bristol 


Leeder, S. R., Corkhill, R., Irwig, L. M., Holland, W.W., and Colley, J. R. T. (1976). British 
Journal of Preventive and Social Medicine, 30, 203-212. Influence of family factors on the 
incidence of lower respiratory illness during the first year of life. In a study of a cohort 
of over 2000 children born between 1963 and 1965, the incidence of bronchitis and 
pneumonia during their first year of life was found to be associated with several family 
factors. The most important determinant of respiratory illness in these infants was an 
attack of bronchitis or pneumonia in a sibling. The age of these siblings, and their number, 
also contributed to this incidence, Parental respiratory symptoms, including persistent 
xbugh and phlegm, and asthma or wheezing, as well as parental smoking habits, fed 
^lesserbut nevertheless;important effects. Parental smoking, however,! stands outtjfronv all 
other factors as therone most amenable to change in seeking to prevent bronchitis^ind 
^pneumonia in infants. 

This paper and the two that follow concern Knoweldcn, and Handyside, 1967; Holland et al, 

family factors that influence the incidence of 1969a; Colley and Reid, 1970; Bland, Holland, 

respiratory illness and development of ventilatory and Elliott, 1974). In a birth cohort followed-up 

function in children during the first five years of life, until the age of 20 years, Colley, Douglas, and 

Respiratory illnesses remain a major cause of Reid (1973) found that those with a history of 

death in infancy ; the mortality rate for these diseases lower respiratory tract illness when under 

in infants in England and Wales has changed little two years of age had a higher prevalence of 

since 1955 despite many new antibiotics. Viruses respiratory symptoms at the age of 20 than those 
and allergies, rather than bacteria, are probably without this history. These findings are interpreted as 

now responsible for many of the more serious evidence for sonic degree of permanent lung damage 

respiratory illnesses in infancy (Colley, 1971; Glezcn after childhood respiratory illness. Thus, prevention 

and Denny, 1973); As the management of viral and of acute lower respiratory illness in childhood may 

allergic illness is often difficult; there is good reason help to reduce respiratory morbidity in adult life, 

to seek ways in which these illnesses may be Prevention of lower respiratory illness in infancy 
prevented. Prevention could also have other, long- may be achieved in several ways. The opportunity 

term, benefits. Although clinical recovery from for infection can be reduced by decreasing 

acute respiratory illness in childhood is usual, it susceptibility through immunization, and by limiting » 

may not always be as complete as has been assumed, contact of infants with others suffering from 

In a number of studies, children, with a history of these illnesses. Complications may be reduced by 

lower respiratory tract illness have been found more effective management of acute illness, 

to have lower ventilatory function than children However, the most promising current approach 
who escaped such illnesses (Wahdan, 1963; Lunn, mu st involve the modification of factors that arc 

- known to increase the risk of these illnesses. 

•Proem °ep» nm«m of Med*™* Me Matter Univerthy Parental smoking has been identified as one such 

Methcal Cerme, Hamilton. Oman©. Canada LhS 4J‘;. _ , ...... 

tFrevem adjtett: National Reseaich l.ivlitote for Occupational factor (Colley, Holland, and Corkhill, 1974). While 

PO 20UU. RcpubiK or Soo.h othcr faclors have ^ identified as conmbuling 
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to the incidence of respiratory disease in children, 
changes in them will often involve major environ¬ 
mental manipulation which may not be feasible. 
By contrast, parental smoking is potentially 
modifiable. Children of parents who smoke in the 
home have been found to have an increased risk of 
bronchitis and pneumonia in comparison with 
children of non-smoking parents. This is, in part, 
attributable to passive inhalation by infants of their 
parents’ cigarette smoke. 

In this paper we investigated a number of family 
factors to find out their influence on lower 
respiratory illness during the first year of life. 
In the next paper, factors influencing the incidence 
of wheezing and asthma during the first five years 
are considered. In the third paper, family factors 
influencing ventilatory function at the age of five 
years are examined: 

Methods 

The methods described in this section apply to the 
following two papers also. 

Study Sample 

A cohort of children bom between 1963 and 
1965 in Harrow, a residential suburb of north-west 
London, was foilowed-up for the first five years of 
life together with other members of their families. 
The sampling methods have been described (Colley 
and Holland, 1967; Holland et a!., 1969b; Colley 
et al, 1974). All families living in six wards of the 
borough of Harrow who had an infant born to them 
between 1 July 1963 and 30 June 1965 were 
included in the study population, the only exclusions 
being families of infants who died within seven 
days of birth. A total of 2365 Harrow families 
were eligible for our study. However, of these 


2365 families, 160 could not be visited or declined 
to participate, leaving 2205 (93%) for investigation 
(Table 1). 

The families were followed-up annually for five 
years, although it was not possible to assemble 
complete data on all individuals on all occasions. 
In the tables presented in this paper, the number of 
subjects available for study is specified in footnotes 
and set out in detail in Table I. 

Enrolment Procedures 

Health visitors, specially trained as observers 
for our study, visited infant (subsequently referred 
to as the index child) and mother at home within 
14 days of the infant’s birth, administered a 
questionnaire to the parents, and measured the 
child’s crown-rump length and chest circumference. 
The questionnaire sought among other items the 
birth weight of the infant and details of health at 
birth. A one-in-three systematic sample of families 
was then visited by a field team from St Thomas’s 
Hospital. The field team readmin istered the 
questionnaire used by the health visitors and 
repeated the body measurements. 

Measurement of Ventilatory Function 

In addition to readministering the questionnaire, 
the field team measured the ventilatory capacity 
of the infant using a portable pncumotacograph 
(Colley, 1965). Parents and other children in the 
family also had measurements of peak expiratory 
flow rates made, using the low-range Wright peak 
flow meter for the children and the adult range 
meter for the adults. All recordings using the peak 
flow meter were made with the subject scaled: Five 
peak expiratory flow manoeuvres were recorded 


Table I 

HARROW STUDY POPULATION: NUMBERS OF INFANTS, MOTHERS. FATHERS. SIBLINGS. AND PARENT PAIRS BY 

YEAR OF STUDY 


Year of Study 

Infants 

Infants with 

Lung Function 

Mothers 

Father* 

Siblings 

Infant and 
Parent Pair* 

Parent Pairs 

Initial interview 

2149 

343 

2141 

2130 

2051 

! 

21291 

Follow-ups: 








First year 

2122* 

351 

2120 

2079 

1959* 

>0771 

2077f 

Second year 

2109 

396 

2)03 

2052 

1924 

2048 

204* 

Third year 

20**6 

4B4 

2042 

2016 

1BV0 

2032 

2o>: 

Fourth year 

2047 

473 

2074 

1993 

1*19 

IV70 

l 0 "0 

F»/th year 

20V 5 

459 

20*6 

|9V* 

I *22 

19*9 

19*9 

From initial to 








fifth year follow-up 

2044 

— 

20)0 

1906 


1(75 

I 1.(75 

From Erst year to 








fifth year follow-up 

2044 


2011 

190* 

| 

1178 

1:178 


*FamiIies: with an infant and •!.least om sibling at first year foIL>w-ur—M7Q. 

tlnfanu at i be Am year follow-up with parent pa in over initial and Art! year follow-up—2074. 
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for each subject, the mean of the last three being 
used for analysis. The families in the one-in-ihrec 
systematic sample were visited annually by members 
of the Held team. Measurements of ventilatory 
function were made each year. Satisfactory records 
were not obtained from all subjects each year. 
Numbers of subjects with satisfactory records for 
analysis in the various tables are given in Table I, 
and elsewhere are indicated as footnotes. A 
comparison of the age, sex, and social class 
characteristics of these children and adults for 
whom ventilatory function data were available 
with those of the entire study sample revealed no 
important differences. 

A total of 623 infants were eligible for 
measurement of lung function initially, of whom 
437 had satisfactory records for all the five years. 
Measurements of venvitaiory function were obtained 
in 460 mothers and 427 fathers when their children 
were aged five years. 

Respiratory Symptoms and Illnesses 

At the initial interview the health visitor also 
obtained information concerning parents* smoking 
habits and respiratory symptoms. 

Positive responses from parents to the question 
‘Do you usually cough first thing in the morning 
in the winter?' and/or ‘Do you usually bring up 
phlegm from your chest first thing in the morning 
in winter?’ were regarded as evidence of respiratory 
disability subsequently referred to as ‘cough* 
phlegm’. Positive responses to the questions ‘Does 
your chest ever sound wheezy or whistling?’ 
and/or ‘Have you ever had asthma?* were also 
regarded as evidence of respiratory disability 
termed ‘asthma-wheeze’. At the initial examination 
and at the end of the first year of follow-up, 
parents were asked, ‘Do you smoke?’. They were 
classified as smokers if they reported smoking 


both at the initial examination and at the end of the 
first year of follow-up, as non-smokers if they were 
smoking on neither occasion, and otherwise as 
changed smokers, see Table II. The validity of 
answers to these questions has already been 
established (Holland ft al. t 1969a) Social class 
was derived from the father’s occupation using 
the Registrar General^ classification (General' 
Register Office Classification of Occupations, 1960) 

Follow-Up 

The families were foliowed*up annually for five 
years; the one-in-three sample was interviewed 
at the end of each year and the rest were 
follOwed-up with postal questionnaires. Information 
about the health of the family during the previous 
12 months and on changes in parental occupation 
and smoking habits was obtained each year. If the 
father changed his occupation, social class for the 
year in which the change occurred was derived 
from his occupation at the beginning of that year. 
Parents were also asked about cough-phlegm and 
bronchitis or pneumonia in the siblings of index 
infants and in the index infants themselves using 
the questions, ‘Has he or she had, in the past 12 
months,bronchitis?pneumonia? bad colds? whoop¬ 
ing cough? 7 . The parents’ accounts of these illnesses 
were checked, in a sample, by examining general 
practitioners’ records and the level of agreement 
between the parental and medical data was 
adequate (Colley et ai, 1974). At the end of the 
third and subsequent years, parents were asked 
of their children; ’Has he or she ever had asthma?* 
and ‘Does his or her chest ever sound “wheezy**, 
“chesty” or “whistling*’?’. In the fourth and fifth 
years this question was modified by the parenthesis, 
'other than when he or she has a cold’. Parents 
were also asked to name all illhesses they could 
recall their child having suffered during the 


Table II 

DEFINITION OF CATEGORIES USED TO TABULATE PARENTAL SMOKING HABITS 




Parental Smoking Habit 



i Mother | 

| Father- 



At Initial 

At First Annual 

At Initial 

At First Annual 

* 


ImrrvK’* 

Folio*-Up 

Interview 

Follow-Up 


Neither 

- 

- 

- 

- 



A: + 

! + 

— 

_ 

Parental smoking 
category used in 

One 

B: 



-f 

Tables 111 and IV 

Both 

-+ 

1 + 

+ 



Habit changed 


All other combinations 



— — Not smoking ♦ •» Smoking A and B are alternative* (i.e. either mother, or father u a regular smoker) 
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previous year, whether these had led to hospital several family factors. Iftese illnesses occurred 
admission, medical consultation, or no action, ^much more commonly itvJnfihfs borrt to families 
Parents were also asked each year about cough- Sjwhich had several other children already^jodrin 
phlegm which they may have suffered themselves "those families where the'parents had respiratory 


during the previous 12 months. In the following 
analyses, the influence of parental cough-phlegm on 
respiratory illness in children has been studied 
over different periods. Children were classified 
according to prevalence of parental cough-phlegm 
reported at the end of the first year of life of the 
index child, see Tables IV, V, and VIII. In 
Table X children were classified according to 
parental cough-phlegm prevalence at both the 
beginning and end of the first year. Consequently 
the number of children whose parents had no 
cough-phlegm in this classification was less (1286) 
than if prevalence of cough-phlegm at the end of 
the first year was considered alone (1498). 

In the next paper ‘Influence of family factors 
on asthma and wheezing during the first five years 
of life’ (pages 213-218), parental cough-phlegm was 
considered during the full five-year period and 
not simply in the first year. The effect of change 
in parental cough-phlegm prevalence during 
these five years was also studied. Consequently, 
in Tables IV and V of that paper, parental 
cough-phlcgm refers to the entire five-year period. 
The numbers in all these tables are further 
modified by availability of data for other classifica¬ 
tion variables (such as parental smoking habits in 
Table IV of this paper) as explained in the foot¬ 
notes to the tables. 

Results 

During the first year of life, the incidence of 
bronchitis and pneumonia varied according to 


^disability or were smokers. 

Children whose parents both had a history of 
asthma-wheeze had an incidence of bronchitis or 
pneumonia of 26-9% which was three times 
greater than that found in children of parents 
without such a history (9-4%) (Table III). The 
efFect of parental smoking was not so great. The 
^incidence of bronchnfaf of^ncui^nia in children# 
' of non-smoking parents was 7*2 &compared w/tfr 
when both parents smokeaf When both 
smoking habits and asthma-wheeze were examined 
for combined effects on the incidence of bronchitis 
or pneumonia in the children, these contrasts 
widened: For example, the incidence of bronchitis 
-or pneumonia was 6 

..neither smoked nor had* wffer^^ropmhrna- 
Whccze; this contrasted with anJhddencffiqP9* 3 % 
whetv both parents smoked and had a ’htttory of 
•sthma-wheeze". 

Parental cough-phlegm, like asthma-wheeze, 
was associated with a higher incidence of bronchitis 
or pneumonia in the children (Table IV). Children 
whose parents did not give this history had an 
incidence of bronchitis or pneumonia of 9*5% 
compared with 26-3% of those whose parents 
both hadthis symptom. However these associations 
while strong, were not wholly consi^ent. Incidence 
of bronchitis or pneumonia did not always increase 
in line w ith presence of symptoms in parents, as seen 
in the case of the combined influence of these 
symptoms and parental smoking habits. This may 
in part be a consequence of these rates being 
based upon small numbers. 


Table III 


ANNUAL INCIDENCE PER 100 INFANTS OF BRONCHITIS OR PNEUMONIA IN THE FIRST YEAR OF LIFE BY PARENTAL 
HISTORY OF ASTHMA,WHEEZE AND SMOKING HADIT 



Parental Smoking Habit 

Neither 

One 

Both 

Habit 

Changed 

Total i 


Neither 

6 7 

9 6 

13 7 

17 

I! 9 4 



(451) 

(5o:> 

(314) 

(241) 

(150s) 


One 

• V 

1# 0 

32 3 

! 7 4 

15 o 



(101) 

<n*>; 

(139) 

1 (ID 


Parents! 







asthma-wheeze 

Both 

14 3 

13 6 

39 3 

30 0 

JhV 



1 (7) 

i 

(22) i 

(28) 

(10) 

(6?) 


Total 

7 3 ! 

11 * 

17 7 

9 0 

1 It 5 



(359) 

(702) 

(481) 

(332) 

(2074)* 


Populations in parentheses 

•Tots) excludes 27 infants with mining first year data and an additional 41 with missing initial and first year data on parent pairs. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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Table IV 


ANNUAL INCIDENCE PER 100 INFANTS OF BRONCHITIS OR PNEUMONIA IN THE FIRST YEAR OF LIFE BY PARENTAL 
HISTORY Of COUCH*PHLEGM AND SMOKING HABITi 



Parental Smoking Habit 

r- 

Neither 

1 - 

One 

Both 

1 Habit 

Changed 

Total 


Neither 

7 6 

10 1 

OS 

6 2 

9 5 



| (49Q). 

(474), 

(290) 

044) 

(I49g) 


One 

33 

10 1 

25 4 

IS 2 

14 6 



(61) 

(199) 

(142) 

09) 

(481) 

Parental 





1 


cough-phlegm 

Both 

12 5 

14-4 

If-4 

33 3 

26 3 



<*) 

(29) 

(49) 

(9) 

(95) 


Total 

7 2 

II I 

1 

17 7 1 

9 0 

115 



(559) 

! (702) 

(481) 

* (332) 

(2074)* 


Population! in parentheses 

•Total excludes 27 infams with missing first >eax data and an additional 41 with missing initial and fim year data on parent pain. 


Table V 

ANNUAL INCIDENCE PER 100 INFANTS OF BRONCHITIS OR PNEUMONIA IN THE FIRST YEAR OF LIFE BY PARENTAL 
HISTORY OF COUCH-PHLEGM AND ASTHMA-WHEEZE 



Parental iCough-Phlegm 

Neither 

One 

Both 

Total 


Neither 

IT 

10 4 

2li-7 

9 4 



(H74) 

(288) 

(46) 

(I SOB) 


One 

12 1 

19 4 

27 8 

15 6 * 



(298) 

065) 

(36) 

(499) 

Parental 






asthma-wheeze 

Both 

19 2 

28 6 

38 5 

26 9 


i 

(26), 

(28) 

0 3) 

(67) 


Total 

9 5 

14 6 

26 3 

1 

115 



(1498) 

H8I) 

(95) 

(2074)* 


Populations in parentheses 

•Total excludes 27 infants with missing first year data and an additional 48 with missing initial and first year data on parent pairs 


Table VI 

ANNUAL INCIDENCE PER 100 INFANTS OF BRONCHITIS OR PNEUMONIA IN THE FIRST YEAR OF LIFE BY NUMBER 
OF SIBLINGS AND THEIR HISTORY OF BRONCHITIS OR PNEUMONIA DURING THAT YEAR 




| Number of Siblings 



0 

I 

2 

3 or More 

Total 

. 

None 

7-4 

10 0 

12 3 

17 • 

9 1 



(925) 

(Ml) 

(268) 

(U6) 

(1980) 

Bronchitis or pneumonia 

One or more 


40 7 

37 0 

35 3 

31 2 

m siblings during first 
yea t of life of index infanta 

episodes 


(54) 

(27) 

(34) 

(115) 


Total 

7 4 

12 4 

i 

14 6 

21 1 

1 114 


(925) 

(695) 

(295) 

(110) 

(2095)* 


Populations in parentheses 

•Total excludes 27 infants with missing first year data; and 27 with siblings for whom fim year data were missing. 
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Children of parents with a history of both 
asthma-wheeze and cough-phlcgm had a higher 
incidence of bronchitis and pneumonia in the first 
year than did children whose parents had one or 
other but not both of these symptoms (Table V). 

The incidence of bronchitis and pneumonia in 
the index infants was closely associated with both 
the number of siblings in the family and their 
respiratory history (Table VI). The most important 
items of respiratory history were attacks of 
bronchitis or pneumonia in a sibling during the 
first year of life of the index infant. When this 
occurred the overall incidence was 38*2%. This 
contrasted with an incidence of 7-4% in the 925 
infants who had no siblings. 

There was also an association between the age 
of the siblings and incidence of bronchitis and 
pneumonia in the index infants. This was most 
obvious in relation to the eldest sibling—that is, 
the first child in each family, as shown in the top 
row of Table VII. There was a steady increase in 
incidence of illhess with increasing age of the 
eldest sibling, being lowest when the eldest sibling 
was under three years and highest when the eldest 
sibling was aged five, and thus likely to be starting 
school. If the eldest sibling was over five years old 
the trend with age reversed; the incidence of illness 
in index infants was lower the older the sibling. 
When all siblings were considered together irrespec¬ 
tive of their position in the family (bottom, row 
Table VII), a similar relationship was found between 
mean age and incidence of illness in the index infants. 

Factors such as ambient air pollution and low 
socioeconomic class have been show r n to be 
important in the development of respiratory 
symptoms and illnesses in other groups of children 
(Holland tt al , 1969b; Collfcy and Reid, 1970): 


However, no variation in illness incidence was found in 
the children in this study during the first year of life 
which could be attributed to the influence of social 
•nd physical environmental factors. The different 
areas in which the children lived showed little 
variation in general environment and air pollution 
at the time the index children were born, although 
there had been differences in pollution levels not 
many years before. This previous difference may 
explain the variation found in the incidence of 
respiratory illness among the older siblings in this 
sample (Colley and Holland, 1967) living in 
different areas of Harrow. 

Bronchitis and pneumonia in the siblings was also 
associated with a history of cough-phlegm in the 
parents as seen in Table VIII. This association was 
independent of family size, and! was present in 
families with one, two, three, or more siblings. 
A similar relationship w-as found between sibling 
bronchitis and pneumonia and parental asthma- 
wheeze (Table IX). 

Examination of the data thus far presented did 
not suggest any multiplicative interaction between 
the various factors associated with bronchitis 
and pneumonia in the index infants. However, 
because some of the factors were themselves 
interrelated (for example, parental cough-phlegm 
and smoking), it was difficult to assess the influence 
of each individual factor upon the incidence ofi 
respiratory illhess in the children., By fitting a 
logistic modeli to the data, with the incidence of 
bronchitis and pneumonia in the index children as 
the outcome variable, this aspect was investigated 
further. The independent variables included in the 
model were parental smoking, parental cough- 
phlegm (considered at several levels depending 
upon its presence in parents at both the beginning 


Table VII 

ANNUAL INCIDENCE PER 100 INFANTS OF BRONCHITIS OR PNEUMONIA DURING THE FIRST YEAR OF LIFE BY 
AGE (YEARS) OF SIBLINGS AND THEIR POSITION IN THE FAMILY 


Aft of Eldest Sibling At the End of the Firu Year of Life of Indcs Infant 



Under 3 

3 

4 

3 

6or More 

Total i 


First 

95 

10 1 

13 2 

23 2 

17 1 

14 4 



(201) 

Oil) 

(IR2) 

(108) 

(434) 

(1)76) 

Position of sibling 

Second 

9 5 

17 3 

25 0 

IS 2 

16 S 

17 0 

(counting from eldest) 


(74) 

(•1) 

(72) 

(55) 

(200) 

082) 


Third and 

211 

19 1 

16 7 

32 2 

27 0 

24 0 


younger 

(57) 

M2> 

06) 

(28) 

(07) 

(300) 


A U siblings 

11 3 

13 1 

16 6 

23 I 

IS 7 

16 3 



032) 

074) 

(2V0) 

( 191 ) 

(771) 

(19? 6)^ 


ropw>«uun» in parcnmcKl . . 

•Total consist* Of tht muntbrr ofttbhnti »lr6 firuyrar data The total number of sibling* in the *tud> wai 2051. Detail* of the number ol inianls 
included m the table (subtotal for the fun row) art given in Table Vi. An additional ta infant* arc included in this table for whom data were 
available for theireldest (if not aU other) siblings. 


na 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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Table VIII 


ANNUAL INCIDENCE PER 100 FAMILIES OF BRONCHITIS OR PNEUMONIAJN ANY SIBLINGS* OF THE INDEX INFANTS 
BY NUMBER OF SIBLINGS AND PARENTAL HISTORY OF COUGIM HLEGM 



Number of Sibling* 



1 

2 

3 or More 

Total 


' Neither 

€-7 

7 • 

16 3 

12 


(«92) 

(192) 

(98) 

(782) 


One 

ID 1 

11 4 

17 5 

12 0 


( 15 *) 

(79) 

( 63 ) 

( 300 ) 

Fa rent* I 
cough-phlegm 

Both 

17 2 
(29) 

no 

( 23 ) 

41 1 

(16) 

22 1 
(68) 


Total 

10 

1 9 2 

19 2 

10 0 


(679) 

(294) 

(177) 

(II50)* 


• Ton? e °cl udt^2 7 Vnfa n* s* wi ih mining finimr dan, 925 infant* with fim year data available but who had no liWings; 27 w»ih ,a sibling bui 
for whom first year data were misung; and 20 families with missing fim year data on parent pain. 


Table IX 


ANNUAL INCIDENCE PE* 100 FAMILIES OF BRONCHITIS OR PNEUMONIA IN ANY SIBLINGS OF THE INDEX INFANTS 
BY NUMBER OF SIBLINGS AND PARENTAL HISTORY OF ASTHMA*\\ HEEZE 



* T o ta? e *cLj drv27*infant* with mtstint first year data; 925 infant* with first year data available but who had no siblings. 27 with a sibling but 
for whom lint year data were mivwn*, and seven families with musing imialdat* on parent pairs 


and the end of the first year)* parental asthma-wheeze, 
number of siblings, sibling bronchitis or pneumonia, 
sibling couglvphlegm; sex of child; social class of 
father* and areas of residence. Several factors, 
notably social class, residential area, and sibling 
cough-phlegm made no significant contribution 
to the model which was then refitted without these 
variables. The results from this second model are 
presented- in Table X. Bronchitis and pneumonia 
in siblings was found to have the largest effect 
upon the adjusted incidence rates of bronchitis 
and pneumonia in the index infants; the adjusted 
incidence rate was 8-6% in the absence of this 
factor and 47-6% when two or more siblings had 
these illnesses. Parental smoking had the nekt? 
largest efleev^nd parental asthma-wheeze had a 
lesser, but significant, effect in the model; 


Crude incidence rates suggested a strong relation¬ 
ship between parental coughrphlcgm and illness 
in the index infants. The influence of parental 
cough-phitgm was strongest when parents reported 
that they had suffered from cough-phlegm both at 
the time of the initial interview and when 
interviewed again one year later. Thus among 
children of parents who reported cough-phlegm on 
the two occasions* 42 -1 % (that is eight out of 19) 
suffered from bronchitis or pneumonia compared 
with only 9 0% (that is, 116 out of 1286) in 
children whose parents were free of cough-phlegm 
initially and at the end of the first year. However, 
when adjustment had been made for other factors 
in the model; the effect of parental cough-phlegm 
was no longer statistically significant. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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Table X 


CRUDE AND ADJUSTED INCIDENCE RATES PER 100 INFANTS FOR BRONCHITIS OR PNEUMONIA FOR LEVELS OF 

each factor with estimates of their effects 


Factor and Lavtl 

Crude Incidence 
Rate 

Adjusted 

Incidence 

Rate 

Significance of the Factor in the Model 


df 

P 

Parental smoking 







Neither smoke 

6 7 

(55)) 

6 2 

24 11 

3 

P < 0 0005 

Changed habit 

19 

(327) 

7-7 




One smokes 

n*6 

(695) 

9 7 




Both smoke 

17 5 

(473) 

15 4 




Parental cough-phlegm 





I ■ 


A* 

9 0 

<12163 

19 

6-50 

4 

0 1< F < 0 2 

B 

13 1 

(396) 

10 2 




C 

12 a 

(281) 

• 3 




D 

28 l 

(64) 

16 5 




E 

42 1 

CI9) 

16 7 




Parental asthma-wheexe 







Neither 

9 2 

(1494) 

• -3 

*60 

2 

0 01 < P < 0 025 

One 

15 2 

(488) 

11 I 



i 

Both 

27 3 

(66) ; 

16 5 




Sc* of child 







Male 

12 9 

(1088) 

III 

• 14 

| 

0 00l< P < 0 003 

Female 

9 4 

(960) 

7-5 




Number of siblings 



| 




None 

7 3 

(900) 

1 7-2 

I 11 0* 

2 

0 00l< P < 0 003 

One 

12 2 

(678) , 

10 5 




Two or more 

17 2 

(470) 

12 6 




Bronchitis or pneumonia m siblings 







No atuckst 

9 6 

(1933) 

a 6 

39 S3 

2 

P <0 0003 

One sibling with illhess 

1 35 2 

002) 

270 




Two or more siblings with illhess 

61 5 

03) 

47-6 



1 

Toul 

112 

(204B): 






• A—neither parent ever had cougb-phlecm. B--one parent;had a either at the beginning or end of the first >eaT of life of inde* child: 
C—both parents had it once or one parent had a twice; D—one parent had it once, and the other twice: E—both parents had »« twice, 
tiie. either no siblings, or if siblings, then they had no illhess. 

JToul excludes 27 families with infants with missing first year data; mn additional 27 families with siblings with missing Erst year data, and 47 
families with missing initial or first year data on parent pairs. « 

Populations in parentheses 


There was a sex difference in the incidence of 
bronchitis and pneumonia in the children; the 
adjusted overall incidence for boys being 11*1% 
compared with 7-5% for girls. 

To determine whether these factors were specifi¬ 
cally related only to a history of lower respiratory 
illness in the index infants their association with 
upper respiratory illnesses was also examined using 
a logistic model Here the outcome variable was the 
incidence of ‘bad colds* in the first year. In this 
model, only parental cough-phlegm and sibling 
bronchitis or pneumonia were statistically signifi¬ 
cant factors (P < 0 001 in each case) but parental 
smoking and asthma-whee 2 C were not. The overall 
association between bad colds and these family 
factors was considerably weaker lhan was their 
association with bronchitis or pneumonia. 

Discussion 

The present study has been concerned with 
attempting to identify and separate the various 
family factors influencing the incidence of acute 


lower respiratory illness in children during their 
first year of life. Colley et al: (1974) have already 
shown that both smoking and phlegm production 
by parents contribute to the incidence of respiratory 
disease in these children. This paper extends the 
investigation and demonstrates the additional 
influence of a parental history of asthma-wheeze, 
and the importance of both the number of siblings 
and their history of respiratory disease. 

Parental asthma-wheeze was found to be asso¬ 
ciated with respiratory illness in the index infants 
in a different way to that seen for parental 
cough-phlegm. Parental asthma-wheeze appears to 
exert its influence independent of the number, age, 
or respiratory illness history of the siblings. This 
contrasted with parental cough-phlegm, where 
these factors did appear to have an influence both 
on infant respiratory illness and the parental 1 
symptoms themselves. 

A further difference between the effects of 
parental cough-phlegm and asthma-wheeze was 
apparent when the incidence of bad colds was 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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examined in relation to the factors shown to be 
important in the incidence of bronchitis and 
pneumonia. Parental cough-phlcgm was associated 
with an increased risk of bad colds in the index 
infants, whereas parental usthma-wheeze was 
without effect. Taken together these observations 
suggest that genetic factors may be more important 
in explaining the association between parental 
asthma-wheeze and bronchitis and pneumonia in 
the children than they are in the case of parental 
cough-phlegm. Here an environmental factor which 
is intimately related to parental smoking habits and 
sibling respiratory illness history is probably 
implicated. 

Sibling bronchitis or pneumonia, parental cough- 
phlfegm, parental asthma-wheeze and bronchitis or 
pneumonia in the index infants were all closely 
associated in this study. The analysis using a 
logistic model suggested that sibling illness had the 
greatest effect' although this must be interpreted 
within the limitations implicit io the use of the model. 
Without further information, about the lime 
sequence of illness in parents, siblings, and index 
infants it is not possible to decide cxacily how cause 
and effect should be imputed in this situation. The 
finding that sibling illness appeared to be the most 
important factor is consistent with other family 
studies where siblings have been found to serve as 
primary cases in family epidemics of respiratory 
illness (Brimblecombe et al, 1958; Dingle, 1973; 
Williams, 1975). That the association between 
sibling illnesses and illness in the index infants 
was strongest when the siblings were of school 
starting age makes cross-infection, from the siblings 
a likely circumstance as this age is known to be 
one of high incidence of respiratory illness (Reidj 
1969). 

The association of parental asthma-wheeze with 
bronchitis and pneumonia in the first year of life 
raises the possibility that some episodes of 
‘bronchitis’ or ‘pneumonia* were really episodes of 
asthma. Wc examined this question by noting 
the subsequent course of children with respect to 
asthma at ages three, four, and five years. Some 
children of parents with asthma-wheeze subsequently 
developed asthma themselves. Other children of 
parents with the same history did not develop 
asthma. These twa groups of children had a similar 
incidence of bronchitis and pneumonia in the first 
year of life. Assuming equal exposure and sus¬ 
ceptibility to respiratory pathogens in these two 
groups of children (that is those who subsequently 
developed asthma and those who did not), there is 
thus no evidence in this study to suggest that 


parents with asthma-wheeze tended to call asthmatic 
attacks in their children ‘bronchitis’ or ‘pneumonia’. 

in this study, cigarette smoking by parents stands 
out from all the other factors associated with 
bronchitis and pneumonia in^young children, as 
the one most amenable to change. There seems to be 
good reason for actively bringing to the notice bf 
tmoking parents the dangers this habit -carries for 
fheir young children! 
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Dyspnoea on exertion Asthmatic attacks Rhinitis D + C + , D + C- f D*C + 


1-5 x 


Ox 


1-5 x 


Ox 


1-5 x 


Ox 


1-5 x 


Ox 


V 

% 

N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

u 

51.2 

194 

14.4 

36 

87.8 

142 

18.3 

62 

42.2 

116 

17.4 

101 

51,0 

n 

12.5 

III 

67.7 

197 

30.2 

35 

85.3 

273 

35.3 

97 

66.0 

211 

31.6 

135 

68:2 

173 

28.0 

35 

21.3 

48 

7.3 

11 

26.8 

72 

9.3 

21 

14.3 

62 

9.3 

38 

19 2 

45 

7.3 

87 

53.0 

119 

18.3 

35 

85:3 

ri 

22.1 

64 

43.5 

142 

21.2 

103 

52.0 

103 

16.7 

73 

44.5 

65 

10.0 

28 

68.3 

no 

14.2 

43 

32.7 

90 

13.5 

87 

43:9 

51 

8.3 

81 

49.3 

34 

5.2 

28 

68.3 

87 

1)2 

53 

36.1 

62 

9.3 

91 

43.9 

24 

3.9 

18 

11.0 

99 

1.4 

18 

439 

9 

1.2 

10 

6.8 

17 

2.5 

25 

12.6 

2 

0.3 

14 

8.5 

8 

1.2 

13 

31.7 

9 

1.2 

9 

6.1 

13 

1.9 

20 

10.1 

2 

0.3 

164 


651 


41 


774 


147 


668 


198 


617 
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Tabic 12. Pulmonary junction values according to symptom and age {population A + B) 


Age 

(years) 

Cough V 3 months a year 

Cough > 3 consecutive 
months a year 

Cough 2 consecutive 
months a year 

Cough 1 consecutive 
month a year 

N 

Mean 

FEV, 

FEV^E) 

•• Mean 
'* FEV, % 

N 

Mean 

FEV, 

FEV,(E) 

. Mean 
~ FEV, % 

N 

Mean 

FEV, 

FEV,(E) 

... Mean 
FEV, % 

S 

Mean 

FEV, . Mean 
FEV,(E) * FEV, % 

6/7 

7/8 

0 

2 

84 

79 

0 

0 



0 

0 



0 

4 

93 

81 

8/9 

27 

93 

78 

13 

98 

79 

8 

96 

81 

18 

93 

80 

9/10 

25 

93 

79 

12 

96 

80 

11 

95 

80 

25 

94 

77 

10/1.1 

20 

97 

80 

10 

97 

78 

2 

84 

76 

12 

98 

78 

M/12 

17 

94 

80 

8 

96 

79 

0 



0 



12/13 

16 

94 

79 

9 

93 

78 

4 

100 

85 

14 

92 

75 

13/14 

14 

99 

78 

5 

95 

75 

2 

116 

84 

22 

99 

80 

14/15 

15 

106 

79 

5 

101 

77 

6 

107 

80 

18 

11:3 

81 

15/16 

18 

98 

73 

9 

101 

73 

2 

98 

79 

10 

104 

76 


Dyspnoea on exertion 

Asthmatic attacks 

Rhinitis 







Mean 



Mean 



Mean 





Age 


FEV, 

.. Mean 


_kYl. 

, Mean 


FEV, ( 

, Mean 




years) 

N 

FEV,(E) 

/b fev 1 % 

N 

FEV,(E) 

“ FEV,*i 

N 

FEV,(E) 

FEV, % 




6/7 

0 



0 



0 






7/8 

4 

94 

83 

0 



6 

96 

78 




8/9 

53 

96 

79 

5 

90 

74 

51 

95 

79 




9/10 

60 

93 

79 

6 

93 

78 

45 

95 

79 




10/11 

36 

93 

78 

6 

82 

72 

32 

96 

79 




li/m 

18 

92 

76 

12 

88 

74 

16 

93 

80 




12/13 

62 

93 

78 

8 

91 

72 

23 

93 

77 




13/14 

49 

98 

78 

7 

94 

75 

26 

95 

79 




14/15 

56 

100 

78 

7 

84 

67 

19 

96 

77 




15/16 

35 

99 

76 

4 

89 

64 

29 

103 

77 








D-< 

C- (c and/or w 






bS 


D +C+ D-C+* D + C- 

- and/or n-H)“ 


D-C- (C -w- 




o 



Mean 



Mean 



Mean 





Age 


FEV, 

. Mean 


FEV, 

. Mean 


FEV, 

• Mean 



CO 

(years) 

N 

FEV,(E) - FEV, *. 

N 

FEV,(E) 

* FEV,*. 

N 

FEV.(E) 

'* FEV, V 



CO 

6/7 

0 



0 



0 





go 

7/8 

4 

94 

83 

14 

97 

79 

56 

96 

81 



V4 

8/9 

60 

96 

79 

111 

99 

81 

335 

99 

82 



cv 

9/10 

63 

93 

79 

95 

95 

78 

358 

99 

81 




10/11 

47 

94 

78 

93 

97 

79 

366 

97 

80 




11/12 

27 

93 

77 

51 

98 

82 

283 

% 

81 




12/13 

66 

93 

78 

59 

93 

79 

306 

95 

81 



CO 

13/14 

50 

98 

77 

68 

98 

80 

271 

100 

81 




14/15 

59 

100 

78 

55 

105 

80 

285 

104 

81 




15/16 

43 

101 

76 

49 

106 

80 

287 

105 

80 





* Criteria: see text p. 15. ... .. , „ 

* FEVi.bi estimated FEV, of children from the same population without a present or past history of respiratory disease 
according lo Ihc formula’s: Boys: '"log FEV, lK) , -3.37740,2.6.1690 >*log height (cm) in cl; Girls: "log FEVnai — 
-4.25738 r 3.03284 "loghcighl (cm) in cl. 
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Table 13. Pulmonary function values according to symptoms and numbers of years with symptoms ( popu¬ 
lation A 4 B) 

Both birth cohorts are taken together 


Number 

of 

years 

Cough 
a year 

i -3 months 

Cough V3 consecutive 
months a vear 

Cough 2 consecutive 
months a year 

Cough 1 month a year 

N 

Mean 
FEV, ... 
FEV,(E) “ 

Mean 
FEV, % 

N 

Mean 

FEV,... 

FEV,(E)~ 

Mean 
FEV, % 

N 

Mean 

FEV, 

FEV,(E) 

..Mean 
~ FEV, % 

N 

Mean 

_fev 
fev,(E) - 

Mean 

FEV,.. 

vc 

0 


99 

81 

831 

99 

81 

866 

99 

80 

786 

99 

80 

1 

95 

97 

80 

56 

97 

78 

41 

96 

79 

108 

98 

80 

2 

36 

93 

77 

18 

92 

76 

3 

95 

77 

12 

95 

80 

3 

15 

92 

77 

0 



1 

93 

70 

3 

94 

79 

4 

3 

89 

76 

1 

99 

78 

0 



1 

92 

8 1 i 

5 

2 

90 

74 

1 

110 

75 

0 



n 




Dyspnoea on exertion 

Asthmatic attacks 

Rhinitis 





Number 


Mean 



Mean 



Mean 





of 


fev^. 

Mean 


.FEV, 

Mean 


FEV, 

.. Mean 




years 

N 

FEV|(E) “ 

FEV, % 

, N 

FEV,(E) " 

FEV, % 

N 

FEV,(E) 

* FEV,% 




0 

709 

99 

81 

852 

99 

81 

732 

99 

81 




1 

86 

96 

79 

41 

% 

78 

85 

97 

79 




2 

47 

98 

80 

8 

90 

72 

44 

96 

78 




3 

29 

98 

79 

2 

90 

66 

24 

97 

82 




4 

28 

94 

76 

3 

81 

67 

13 

93 

76 




5 

8 

89 

73 

1 

80 

70 

9 

90 

73 





D >C 

: D-Ci 

a 

D-C- (Cand/or N 

D-C— (C-N 

-w-y* 





D C 

- 


and/or WV)“ 








Number 


Mean 



Mean 



Mean 





of 


FEV, . 

Mean 


FEV, .. 

Mean 


FEV, 

• Mean 




years 

N 

FEV,(E) ‘ 

’ FEV,\ 

, N 

FEV.(E) ~ 

FEV.V 

N 

FEV,(E) 

’ FEV, % 




0 

671 

too 

81 

489 

99 

81 

86 

95 

78 




1 

103 

95 

79 

210 

99 

80 

86 

96 

79 




2 

56 

97 

79 

104 

97 

79 

89 

96 

79 




3 

34 

97 

80 

55 

98 

79 

no 

99 

HI 




4 

31 

96 

77 

40 

95 

80 

204 

100 

81 




5 

13 

89 

73 

9 

98 

80 

332 

100 

81 





J Criteria: see text p. 15. For statistical evaluation see text p. 17. 

* FEVhei estimated FEV, of children from the same population without a positive present and past history of respiratory 

symptoms, according to the formula's: Birrs: ‘log FEVhe> -3.37740 t 2.63690 '"log heieht (cm! ini d: Girts: 

‘“log FEVi (K , 4.25738 i 3.03284 '“log height (cm! in cl. 
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Table 14. Number and percentage of children according to median value of histamine threshold, symptoms 
and number of years with symptoms {population A + B) 

Only children with at least 3 histamine threshold values have been listed. In parenthesis: in V of total number (N>. 


Cough > 3 consecutive months Cough 2 consecutive months 

Number Cough >3 months a year a year a year 

of - - - 

years N v8 16 >32 N <8 16 >32 N *8 16 >3 


0 

711 

14 

69 

628 

785 

19 

77 

689 

814 

24 

84 

706 



(2.0) 

(9.7) 

(88.3) 


(24) 

(9.5) 

(87.8) 


(2.9) 

(10J) 

(86.7) 

1 

93 

6 

10 

77 

55 

3 

10 

42 

40 

1 

4 

35 



(6.4) 

(10.7) 

(82 8) 


(5.4) 

(18J) 

(76.3) 


(2J) 

(10.0) 

(87J) 

2 

36 

4 

7 

25 

16 

3 

1 

12 

3 

0 

0 

3 



(11.1) 

(19.4) 

(69.4) 


(iW) 

(6.2) 

(75.0) 





3 

13 

\ 

0 

12 

0 

0 

0 

0 

1 

0 

0 

I 

4 

3 

0 

2 

1 

1 

0 

0 

1 

0 

0 

0 

0 

5 

2 

0 

0 

2 

1 

0 

0 

1 






Number 

of 

years 

Cough con sec. 1 month a year 

Dyspnoea on exertion 


Asthmatic attacks 



N 

C8 

16 

>32 

N 

<8 

16 

>32 

N 

<8 

16 

>32 

0 

735 

22 

67 

646 

666 

8 

55 

603 

806 

15 

74 

717 

1 

108 

(3.0) 

3 

(9./) 

18 

(87.9) 

87 

85 

</.2) 

6 

(5.2) 

7 

(90 J) 

72 

40 

(19) 

5 

(9J) 

11 

(88.9) 

24 

2 

M 

(2.8) 

0 

(16.7) 

1 

(50.5) 

10 

44 

(7.0) 

3 

(5.2) 

13 

(54.7) 

28 

8 

(/2J) 

3 

(27J) 

2 

(60.0) 

3 

3 

3 

0 

2 

1 

29 

(6.5) 

2 

<29 J). 

8 

(63.6) 

19 

1 

0 

1 

0 

4 

1 

0 

0 

1 

27 

(6.9) 

4 

(27.6) 

5 

(65.5) 

18 

2 

, 

0 

9 

5 





7 

C/420 

2 

(18 J) 

0 

(66.7) 

5 

1 

, 

0 

0 


Number 

of 

Rinitis 




D + C + 

D-C + 

• D + C 

- 

years 

N 

<8 

16 

>32 

N 

<8 

16 

>32 

0 

686 

13 

60 

613 

628 

8 

46 

574 

1 

82 

(1.9) 

5 

(5.7) 

9 

(89.3) 

68 

103 

(1-3) 

5 

(8.7) 

113 

(59.3) 

85 

2 

45 

(6./) 

3 

W.0) 

9 

(52.9) 

33 

52 

(4A) 

2 

(12.6) 

15 

< 82J) 
35 

3 

23 

(6-7) 

1 

(20.0) 

5 

(73 J) 

17 

34 

(3.8) 

3 

(28.8) 

6 

(67.3) 

25 

4 

13 

<4J) 

1 

(2/.7) 

2 

(73.9) 

10 

29 

(8 8) 

2 

(17.6) 

8 

(73J) 

19 

5 

9 

2 

3 

4 

12 

(6.9) 

5 

(27.6) 

0 

(65J) 

7 


* Criteria: see text p. 15. For statistical analysis see text page 19. 


W 

O 

<rc 

cj 

CO 

06 

w 

■si 

a* 

in 
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Tabic 15a. Number of children according to birth cohort and skin test reactions in 1968/69 and 1973 
(population A + B) 

In parenthesis: *• of iota! number 


Birth cohort I/I0/6B-30/9/61 Birth cohort 1/10/55-30/9/56 


1968 

1969 

1973 



1968 

1969 

1973 



Negative 

Positive 

Total 

Negative 

Positive 

Total 

House dust 

Negative 

182 

30 

212 

Neg. 

93 

28 

121 

Positive 

5 

24 

29 {12) 

Pos 

2 

28 

30 (20) 

Total 

187 

54 (22) 

241 

Total 

95 

56 (57) 

151 

Crass pollen 

Negative 

219 

16 

235 

Neg. 

125 

19 

144 

Positive 

2 

4 

6 (2) 

Pos. 

1 

6 

7(5) 

Total 

221 

20 <*) 

241 

Total 1 

126 

25 (76) 

151 

Animal danders 

Negative 204 

27 

231 

Neg. 

115 

17 

132 

Positive 

3 

7 

10(4) 

Pos. 

1 

18 

19 (/^> 

Total 

207 

34 (W 

241 

Total 

116 

35 (25) 

151 
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Tabic 15 b. Number of children according to number of years with symptoms and skin test reaction in 
1968/69 and 1973 (population A + B) 

In parenthesis: in % of total. For statistical analysts; see text p. 22. 


Skin tests® 

68/69 

75 

Cough > 3 months 
a year 

Number of years 

0 M 

Cough > 3 consec, 
months a year 
Number of years 

0 M 

Cough 2 consec. 
months a year 
Number of years 

0 . 1 

House dust 

_ 

+ 

48 

10 

52 

6 

56 

2 




m 


(90) 


(96) 



+ 

+ 

40 

11 

44 

7 

49 

2 




m 


(66) 


(96) 


Grasspollen 

- 

+ 

26 

8 

28 

6 

33 

1 




(76) 


(82) 


(97) 



+ 

+ 

6 

4 

8 

2 

9 

1 




m 


m 


(90) 


Animal danders 

- 

+ 

34 

9 

38 

5 

42 

1 




(72) 


(88) 


(98) 



+ 

+ 

17 

8 

18 

7 

24 

1 




(68) 


(72) 


(96) 


All skin tests 

- 

- 

219 

46 

242 

23 

250 

15 




(83) 


(9/) 


(94) 



* Means: concentration of house dust 0.5 mg/ml or less; concentration of grass-pollen 1 000 NE or less; concentration 
of animal danders 0.25 mg/m! or less. 


Tabic 16. Chest X-rays according to symptom groups (population A + B) 


Line shadows 


Mottled shadowing 


Symptom* 

groups 0 

Normal 

In¬ 

creased 

Un¬ 

known 

Total 

NOt 

present 

Present 
but not 
marked 

Marked 

Un¬ 

known 

Total 

D i C . 

17 

1 

0 

18 

18 

0 

0 

0 

18 

D + C- 

93 

0 

0 

93 

92 

0 

1 

0 

93 

D-C + 

28 

2 

0 

30 

28 

0 

0 

0 

2B 

D - C — 

1 022 

4 

6 

1 032 

1 020 

5 

0 

6 

1031 

IUnknown 

6 

0 

0 

6 

6 

0 

0 

0 

6 

Total 

1 166 

7 

6 

1 179 

i: 164 

5 

1 

6 

1 176 


* Criteria: sec text p. 15. 


fO 

o 

w 

CJ 
CJ 

go 
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Cough 1 consecu¬ 
tive month a year 
Number of years 

0 M 

Dyspnoea on 
exertion 

Number of years 

0 I 

Asthmatic attacks 
Number of years 

0 : l 

Rhinitis 

Number 

0 

of years 

D + C+ D-C + 

D + C- 

Number of years 

0 *1 

Total 

number 

52 

6 

47 

11 

56 

2 

49 

9 

45 

13 

58 

(90) 


(SI) 


(96) 


(84) 


(77) 



39 

12 

33 

18 

43 

8 

36 

15 

30 

2! 

51 

<76) 


(65) 


(84) 


(77) 


(59) 



29 

5 

23 

11 

29 

5 

24 

10 

20 

14 

34 

(85) 


(68) 


(85) 


(77) 


(59) 



8 

2 

7 

3 

9 

1 

6 

4 

6 

4 

10 

<*0) 


<7 0) 


(90) 


(60) 


(60) 



37 

6 

35 

8 

41 

2 

35 

8 

30 

13 

43 

(86) 


(81) 


(95) 


(81) 


(70) 



17 

8 

9 

16 

17 

8 

12 

13 

9 

16 

25 

m 


(36) 


«W) 


W)' 


(36) 



235 

30 

223 

42 

256 

9 

220 

45 

210 

55 

265 

m 


(84) 


(97) 


m 


(79) 
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Tabic 17o. Correlation of symptoms in children 
and parents' smoking habits, 1972 (population 
A + B) 

In parenthesis: % of total 



D/C pos. 
groups 0 

D/C neg. 
groups® 

Total 

Both parents non 

smokers 

20(9) 

211 ($»/) 

231 (100) 

One or both parents 

smokers 

39 (9) 

377 (91) 

416 {100) 

Total 

59 m 

588 (91) 

647 (100) 


• Criteria: see text p. 15. 


Tabic 17 b. Correlation of symptoms in children 
and parents' smoking habits , 1972 {population 
A+B) 

In parenthesis: % of total 


Average number of 
cigarettes per day, 
smoked by father or 
mother 

D/C pos. 
groups® 

D/C'neg. 
groups* 

Total 

0 

20 (9) 

211 (97) 

231 (100) 

1-4 

6 (12) 

43 (m 

49 (100) 

5-14 

13 (*) 

159 (92) 

172 (100) 

>15 

20 (10) 

175 (90) 

195 (100) 

Total 

59 (9) 

588 (91) 

641(100) 


* Criteria: see text p. 15. 


Tabic 18a. Correlation of symptoms in parents 
and children 1972 (population A -H B) 


Symptoms of children 


D-C- Total* 


Symptoms of 
parents 

D + C + rf 

C 

1 

* 

u it 

N 

% 

Father and/or 
mother +: ■+•* 

68 

33 

121 

100 

Father and/or 
mother i * 

57 

43 

169 

100 

Both parents 
negative* 

47 

53 

328 

100 

Total* 

54 

46 

6/8 

100 

P value of 
trend U s ) 

<0.001 

i 




* Cough on most days for as much as 3 consecutive 
months a year and/or Phlegm on most days for as much 
as 3 consecutive months a year and/or Breathlessness 
when walking at an ordinary pace on level ground 
•nd/or Asthmatic attacks. 

* Cough usually first thing in the morning and/or 
Cough usually during the day or at night and/or 
Phlegm usually first thing in the morning and/or 
Phlegm usually during the day or at night and/or 
Breathlessness when hurrying on level ground. 

c None of the above symptoms. 

- Criteria see text p. 15. 

* Only parents who Answered all questions were taken 
into account. 
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Tabic 196. Correlation of parents' smoking habits and symptoms in parents and children * 1972 
(population A + B) 

In parenthesis: % of tola! 


Both parents non smokers One parent a smoker Both parents smokers 


Symptoms of 
parents 

Children Children 
D/C pos. D/C pos. 
groups* groups* 
>1 year(s> 0 years 

Total 

Children Children 
D/C pos. D/C pos. 
groups* groups* 

1 year(s) 0 years 

Total 

Children Children 
D/C pos. D/C pos. 
groups* groups* 
y 1 year(s) 0 years 

Total 

Father and/pr 
mother* 

16 (70) 

7(30) 

23 urn 

36 (62) 

22 (38) 

58(/00) 

30 (75) 

10 (25) 

40 (700) 

Father and/pr 
mother* 

17(60) 

ii m 

28 urn 

36 (53) 

32 (47) 

68 (700) 

43(59) 

30(47) 

73 (700) 

Both parents 
negative 6 

48 (5 J) 

43 (47) 

91 (100) 

60 (45) 

79 (57) 

139(700) 

46 (47) 

52 (53) 

98 (700) 

Total 

81 (57) 

61 (43) 

142 (100) 

132 (50) 

133 (50) 

265 (700) 

119(56) 

92 (44) 

211 (700) 

P value of 
trend (**) 

0.315 



0.045 



0.009 




* Cough on most days for as much as 3 consecutive months a year and/or 
Phlegm on most days for as much as 3 consecutive months a year and/or 
Breathlessness when i walking at an ordinary pace on level ground and/pr Asthmatic attacks. 

* Cough usually first thing in the morning and/pr Cough usually during the day or at night and/or 
Phlegm usually first thing in the morning and/or Phlegm usually during the day or at night and/or 
Breathlessness when i hurrying on level ground. 

e None of the above symptoms. * Criteria: see text p. 15. 
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Tabic 20. Prevalence of symptoms in children present in 1968 and 1972 and in children who dropped out 



Cough > 3 months 
per year 

Cough > 3 consec. 
months per year 

Dyspnoea on 
exertion 

Asthmatic 

attacks 

N 

% 

N 

,9 

A 

% 

N 

% 

1968, present 

91 

7.3 

44 

3.5 

45 

3.6 

41 

3.3 

1969-1971, drop outs 

22 

5.1 

12 

2.8 

10 

2.3 

13 

30 

1972, present 

69 

8.4 

32 

39 

35 

43 

28 

3.4 


* Criteria see text p. 15. 


Table 21. Comparison of prevalence of symptom- 
positive groups with different criteria for cough , 
according to age (population A) 

D+ Affirmative answer to one or more of questions: 

15, 24 (1968); 15, 18, 27, 29 (1969). 

C+ • Affirmative answer to one or more of questions: 
4, 5 (1968); 6, 9 (1969). 

C+ ** Affirmative answer to one or more of questions: 
3, 4, 5 (1968); 5, 6, 7, 9, 10 (1969). 


Age 

(years) 

D 1 Ct* 
DH C- 
D C-H 

DtCt 
D + C- 
D-C + 

6/7 

11.2 

15.6 

7/8 

10.5 

13.1 

8/9 

9.8 

1L7 

9/10 

1112 

13.3 

10/M 

8.6 

9.8 

11/12 

6.9 

8.2 

12/13 

13.9 

14.6 

13/14 

1U6 

12 3 

14/15 

12.6 

14.1 

15/16 

9.8 

11.0 


Table 22. Comparison of prevalence of symptom¬ 
positive groups with different criteria for cough , 
according to number of years with symptoms 
(population A) 

D + Affirmative answer to one or more of questions: 

15. 24 (1968); 15, 18, 27, 29 (1969); 

C + * Affirmative answer to one or more of questions: 
4, 5 (1968); 6, 9 (1969). 

C+ •• Affirmative answer to one or more of questions: 
3, 4, 5 (1968); 5, 6, 7, 9, 10 (1969)j 


Numbers 

Birth cohort 
1/10/60-30/9/61 

Binh cohort 

1 /I0/55-30/9/56 

of years 

D ■ Cn • D r C f ** 

D rC-H* D J C- 

with 

D + C- DhC- 

D+C- D-C- 

symptoms 

D-C+ D - C-r 

% r« 

D -C +i D -C-f 

.9 


0 

75.0 

69.6 

76.1 

72.7 

1 

12.4 

J4.0 

9.5 

1 J.6 

2 

5.1 

6.8 

5.6 

6.4 

3 

3.0 

4.7 

2.8 

3.1 

4 

2.6 

2.6 

4.1 

4.1 

5 

1.9 

2 3 

1.8 

2.1 


*5 

O' 

w 

CO 

QD 

N 

CT 

h* 
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- * 4 * 

* t 


vt < 


Rhinitis 


D C 

D-tiC - 

D Ci* 

D C-* 


Total 


N 

% 

N 

©* 

w 

N 


N 


97 

7.7 

101 

8.1 

1 151 

91.9 

1 252 

100 

27 

62 

26 

6.0 

409 

94.0 

455 

100 

70 

8.6 

75 

9.2 

742 

90.8 

817 

100 


Tabic 23. Co/u/OTfro/i of prevalence of'symptom- 
positive groups * wheezing included {population A) 


Age 

(years) 

D i C 
D rC - 
D C t 
W 

“ D -i C 
D + C 
D-C 
W r 

D t C + 
D + C- 
* Age D - C + 

(years) W— 

/V 

fl DtC+ 4 
DtC- 
D-C + 
W.+: 

© ' 

6/7 

1 l.l 

16.8 

11712 

6.9 

9.5 

7/8 

10.3 

16,1 

12/13 

14.1 

J 6.2 

8 9 

9.8 

15.6 

13/14 

11.2 

15.1 

9/10 

11.3 

16,3 

14/15 

12.8 

15.1 

10 II 

8.9 

14.7 

15/16 

9.3 

16,5 

e D 

C r: Criteria see 

text p. 15. W. +: 

Affirmative 

answer 

to one 

or more of questions 19 (1968); 23, 25 

(1969). 







Tabic 24. Smoking habits per school level, birth 
cohort 55/56 {population A I B) 

V.W.O. pracunivcrsity education. HAVO higher gen¬ 
eral continued education, MAVO intermediate general 
continued education, LTS elementary technical school, 
Nijverheidsschooi elementary domestic science school. 


Smokers, % 

Number of 
cigarettes 
per day 
(average) 

Age at 
which 
regular 
smoking 

School or work 

1971 1972 

1971 

1972 

started 

(average) 

V.W.O. 

36 20 

3 

10 

13 

HAVO 

58 50 

3 

6 

14 

MAVO 

50 55 

3 

5 

13 

Nijverheids¬ 

schooi 

43 60 

3 

6 

13 

LTS 

52 64 

4 

7 

13 

Unskilled 

83 80 

7 

9 

13 

Total 

51 57 

4 

7 

113 


Table 25. Correlation of number of years with 
major respiratory symptoms and number of years 
with minor respiratory symptoms' 1 {population A) 
In parenthesis: % 


Number of 
years with 
major 
symptoms" 

Number of years positive 
with minor symptoms" 


Total 

0 

1 

2 

3 

4 

5 

H % 

0 

354 

113 

50 

23 

14 

8 

562 uooy 


<6J) 

(20) 

(?) 

(4) 

(3) 

(/) 


1 

51 

23 

10 

10 

9 


103 (100) 


(50) 

(22) 

U0) 

(JO) 

W) 



2 

17 

17 

10 

7 



51 (100) 


m 

(m 

(20) 

U4) 




3 

14 

ii 

5 




jo uooy 


(47) 

(37) 

(27) 





4 

14 

12 





26 ( JOO) 


(54) 

(46) 






5 

18 






18 ( J00) 

Total 

468 

176 

75 

40 

23 

8 

790 uooy 


* See text p. 15. 
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i 



The fact that maternal smoking during preg¬ 
nancy lowers the birth weight of the offspring 
is well documented. Studies on the relation¬ 
ship between maternal smoking and perinatal 
mortality are also numerous, even though the 
findings still contain some contradictory points 
(1—4,8-12,15, 17,19-21,25,26,31,32,37-40). 
Studjes on the correlation between maternal 
smoking and morbidity and mortality during 
later childhood are relatively rare, however. 
Comstock & Lundin (8) reports that the child¬ 
hood mortality rate up to the age of 11 
was higher among children whose mothers 
smoked, and impaired health in the children of 
smokers has been investigated in several 
studies (5, 7, 13, 18). 

The present study investigates the effect of 
maternal smoking on morbidity and mortality 
up to age of five in a series from Northern Fin¬ 
land in which maternal smoking habits were 
recorded during pregnancy. 


MATERIALS AND METHOD 

The series consists of 12068 pregnant mothers from the 
two northernmost provinces of Finland, Oulu and Lap- 
land. The investigation was started at the sixth or seventh 
month of pregnancy in the antenatal clinics and covered 
96 Cf of all deliveries in 1966 (26). Twin births numbered 
163 and single births 11905. The many biological and 
socio-economic characteristics of the mother and family 
which were examined included the mother’s smoking 
habits. Each mother was asked whether she had been a 
regular smoker before pregnancy, and if so, how much 
she had smoked; whether she had changed her habits 
during pregnancy, and if so, how. 

The mothers were divided into three categories in the 

following way: 

(а) non-smokers, those who never smoked or who had 
stopped smoking during the first two months of preg¬ 
nancy, 

(б) light smokers, who smoked less than 10 cigarettes 
per day at the end of the second month of pregnancy, and 

(r) heavy smokers, who smoked 10 or more cigarettes 
per day at the end of the second month of pregnancy. 

In 554 mothers (4.650 smoking data was lacking or in¬ 
complete, or in a few cases inclassifiable. e.g. when the 
mother did not smoke at the beginning of pregnancy but 
started later. The ntm-smokers amounted to 9695 mothers 
80.3 9r of the total, and comprised 9 176 who had never 


i 


j 

i 

i 
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Table I. Perinatal mortality amort# the smokers ami their controls 


Series is divided into s*>cial groups according to father s occupation* 


Social group 

Smokers 



Controls 



Still¬ 

births 

Neonatal 
deaths.: 
first 28 
days 

All 

births 

Perinatal 
mortality 
per 1000 

Still¬ 

births 

Neonatal 
deaths, 
first 28 
days 

All 

births 

Perinatal 
mortality 
per 1000 

1 + 11 

4 

5 

320 

28.1 

4 

5 

402 

22.4 

III + IV 

16 

14 

I 197 

25; 1 

10 

n 

1 074 

19.6 

Farmers 

1 

3 

157 

25:5 

4 

4 

205 

39.0 

Not known* 

2 

3 

170 

29.4 

3 

3 

163 

36.8 

Total 

23 

25 

1 H44 

26.0 

21 

23 

1 844 

23.9 


* * Based on the social standing of the occupation in question (36b 

* Mostly mother unmarried. 


smoked and 51V who had stopped smoking during the first 
two months of pregnancy. The mothers who smoked 
totalled I 819. 1515 or \2.f*tr of the total number smoked 
less than 10 cigarettes per day, while 304'<2.5 9H smoked 
at least 10 cigarettes per day. 

The mean number of c'war cites smoked per day by the 
light smokers was 5.2 at the beginning of pregnancy and 
3.9 in the middle of pregnancy. The corresponding figures 
for the heavy smokers were 15:3 and 12:2 respectively. 

A control was chosen for each mother who smoked 
from among the non-smokers, so that the number of chil¬ 
dren bom was the same, the marital status was the same, 
the age was the same within a range of ±2 years and the 
parity was the same if it was l. and otherwise of the same 
order. If or 111. IV or V. and VI or over. The place of 
residence was checked for similarity on three scores: 
situated in the same province, having the same level of 
public services, taxable incomes of families and other 
development scores (24). all the 81 communes of the area 
being divided into four classes, and being similar in 
population density (town-village-remote village). By 
this manoeuvre 1750 mothers out of the total of 1819 
were assigned controls, and 69 remained for whom it was 
impossible to find one. For these the limits of dissimilarity 
were widened in one or two of the characteristics with ex¬ 
ception of the number of children bom. marital status and 
parity I and VI + . in which the limits were kept as indi¬ 
cated. 

AII hospitalizations of the study children in the pediatric 
departments of the four central hospitals in the area were 
recorded by the members of the study group in 1972. By 
the time the child concerned had reached the age of 4. 
7.6 Cf of the families of the smokers and 7.0 r * those of 
controls had moved out of the study area. No inquiries 
were made concerning hospitalizations outside study area. 

The analysis of the diagnoses given during hospitaliza¬ 
tion employs largely the main categories of discuses, ami 
these arc grouped on the basis of the manual for the 
statistical classification of diseases and injuries (6) in 
official use in Finland since 1969. which was in turn com¬ 
piled with reference to the recommendations of WHO. 
The classification is identical with that in use in Sweden. 


but difTcrs in certain minor respects from the International 
Classification of Disease. 1965 revision of WHO (14): 

A questionnaire concerning the growth, development 
and health of the children at the ages of 6 and 12 months 
was sent to the children welfare centres in the study area 
in 1967. This was returned by 85.35? of the smokers and 
85.6 r ,e of the controls. In this connection ah visits to the 
diKtor and hospitalizations in departments other than 
pediatric departments in central hospitals and ah admis¬ 
sions to It nut hospitals supervised by a general practi¬ 
tioner were recorded. 

The data concerning deaths up to the age of 5 years 
were collected from the Population Registration Centre 
and the cuuses of death from the Central Statistical Office. 
Since the great majority of deaths occurred before 1969. 
the earlier edition of the classification of diseases (22) 
was used in grouping the causes of death. From the point 
of this series, the greatest difference between the two 
editions lies in the “causes of perinatal morbidity and mor¬ 
tality**. the former revision classifying most of the infec¬ 
tious diseases during the first 28 days into this group. Thus 
under this system practically all causes of death others 
than accidents and congenital malformations during the 
first 2K days were classified into (his category. 

Stillbirths were recorded at the postnatal clinics in con¬ 
nection with the other data (26h and as of 1966. all dead 
foetuses with a birth weight of 600 g or over were re¬ 
corded as stillbirths in Finland; 

The follow-up studies concerned the whole study group, 
not only the smokers and their controls. In testing signify 
cance the Student's /-test was used. 

RESULTS 

The smokers had I 821 live-birth children and 
the controls 1823, There was no statistically 
significant difference in the number of boys 
and girls bom to the different smoking groups, 
nor was there any difference in the number of 
twin pregnancies. 
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* Table 2. Post neonatal mortality from 28 days to 5 years among the smokers and their controls 


Scries is divided into social groups according to father's occupation" 


Social group 

Smokers 



Control i 



Deaths 

<N> 

Alive after 
neonatal 
period 
t-V) 

Per 1000 

Deaths 

(.V) 

Alive after 
neonatal 
period 
<N> 

Per 1000 

!+!! 

2 

y \\ 

6.4 

2 

393 

5.1 

m+iv 

13 

1 167 

II.1 

4 

1 053 

3.8 

Farmers 

2 

153 

13 1 

0 

197 

0.0 

Not known* 

5 

165 

18.2 

1 

157 

6.4 

Total 

20 

1 796 

11.1 

7 

1 800 

3.9 


• Based on the social standing of the occupation in question (36). 

* Mostly mother unmarried. 


Perinatal mortality in smokers and controls 
by social groups is presented in Table I . The 
difference between groups was not statistically 
significant either for the total groups or sub¬ 
groups. The effect of the slightly different 
distribution into social groups among the 
smokers and controls was checked by repeat¬ 
ing the calculation using the mortality rate of 
the controls and the total number of cases 
among the smokers for each social group. The 
perinatal mortality was thus 23.4 per thousand 
instead of the true figure 23.9 per thousand in 
the controls, the difference being without 
significance. The mortality rate was higher 
among the heavy smokers than in the other 
groups, 32.6 for the heavy smokers and 25.7 
per thousand for the light smokers, but the dif¬ 
ference was without statistical significance. 


^^^m^Jhcpostnemiauknwtaiity-m 





fa®?’- : 'M: : 


hen the postneonatal mor¬ 
tality was calculated for the controls for the 
case in which the distribution into social groups 
would be the same as among the smokers the 
result was not affected, being 3.9 per thou¬ 
sand. The figures for heavy and light smokers 
were about the same, 113.0 and 11.1 per thou¬ 
sand respectively. 

Visits to the doctor and hospital admissions 
to any hospital in the area were recorded up to 
age of one year for 1 554 children of smokers 
and 1 560 children of controls 


Table 3. Visits to the doctor and hospital admissions at the age of under one year , by smoking 
groups 

Visits to all hospitals in the study area are included 



Number 
of live 
births 

Visits to the doctor 


Hospitalizations 


Children 

<N) 

visits 

<N) 

Visits, mean 
for group 

Children 

iN) 

Visits 
( N) 

Visits, mean 
for group 

Light smokers 

1 302 

712 

986 

0.76 

223 

292 

0,22 

Controls 

1 300 

672“ 

927* 

0.7r 

190- 

253- 

0.19- 

Heavy smokers 

252 

160 

210 

0.83 

70 

98 

0.39 

Controls 

258 

120 *** 

157*** 

0.61 •• 

33— 

38* ** 

0 15— 

All smokers 

1554 

872 

1 196 

0.77 

293 

390 

0.25 

Controls 

1558 

792*. 

1 084*** 

0.69* 

223*** 

291 — 

0.19** 

-p>0.05, *p<0.05. 

•*p<0.0l. 

•••><0:001. 
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Table 4. Hospital admissions by smoking groups 


Admissions to the pediatric departments of the four central hospitals in the study area 



AJivc at age 

Age under one 


Age one to five 


0 year 

IN) 

1 year 
<N> * 

Children 

(-V) 

Visits 

IS) 

Mean 
for group 

Children 

(N) 

Visits 

<N) 

Mean 
for group 

Light smokers 

1 518 

1 486 

207 

263 

0.17 

209 

320 

0.22 

Controls 

1 520 

1 499 

170* 

209** 

0.14* 

154** 

23I*** 

0.15* 

Heavy smokers 

303 

295 

63 

90 

0.30 

40 

73 

0.25 

Controls 

303 

299 


25*** 

0.08*** 

42“ 

50* 

0.17- 

All smokers 

1 821 

1 781 

270 

353 

0.19 

249 

393 

0.22 

Controls 

1 823 

1 798 

192*** 

234*** 

0.13*** 

196** 

281*** 

0.16** 


~/»0.05, *p<0.05, **/><0.0l, m **p< 0.001. 


okers visited the doctor more 

he, 
iif4 
&nd; 



heavy smoker 
Hospital admission to the pediatric depart - 
ments of the four central hospitals in the area 
were recorded for all children bom to the 
smokers and controls (1821 and 1823). The 
results are presented in Table 4 separately for 
age under one year and for age from one to 

fence was more due to 


the group of heavy smokers in the case of 
children of under one year, but this was no 
longer true for the age from one to five years. 

twccnthe smok caLand the 

m P® 

<U [ 

fnTomer and 5.9% m the^attergroiltf. 

Table 5 presents the number of children 
hospitalized per thousand live births among 
the smokers and controls by social groups. 



In the case that the total number of cases 
among the controls had distributed into social 


Table 5. The children of the smokers and their controls admitted to pediatric departments 
during the first 5 years of life 


Series is divided into social groups according to father’s occupation" 


Social group 

Smokers (V 1821) 

Controls <N 1823) 

Hospitalized 

children 

Per thousand 
live births 

Hospitalized 

children 

Per thousand 
live births 

I 

14 

2029 

20 

170.9 

I! 

58 

234.8 

44 

156.6 

Ill 

185 

265.0 

137 

213.4 

IV 

114 

236.0 

85 

201.4 

Farmers l‘ 

5 

102.0 

12 

131.9 

Farmers it 

29 

271.0 

23 

209.1 

Not known** 

. 43 

256.0 

22 

137.5 

Total 

448 

246.0 

343 

IKK.2 


• Based on the social standing of the occupation in question (36). 

* Land under cultivation 8 hectares or over. 
r Mostly mother unmarried. 
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Table 6. Incidence of diseases during the first 5 years among the children of the smokers and 
the controls 


Incidence is based on all diagnoses given during hospital admissions in pediatric departments 



Smokers {N 1 821) 

Controls (N 1823) 



Per thousand 


Per thousand 

Diagnosis 

N 

live births 

N 

live births 

Infective and parasitic dis. 

118 

64.8 

103 

56.5 

Neoplasms 

3 

1.6 

5 

2.7 

Endocrine, nutritional and metabolic dis. 

23 

12.6 

21 

11.5 

Dis. of the blood and bloodforming organs 

85 

46.7 

48 

26.3** 

Mental disorders 

5 

2.7 

II 

6.0 

Dis. of the nervous system and sense organs 

90 

49.4 

52 

28.5** 

Dis, of the circulatory system 

3 

1.6 

6 

3.3 

Dis. of the respiratory system — 

311 

170.8 

179 

98.2*** 

Dis, of the digestive system 

39 

21.4 

34 

IB.7 

Dis. of the genito-urinary system 

53 

29 1 

33 

18. I* 

Dis. of the skin and subcutaneous tissue 

Dis. of the musculoskeletal system and 

41 

22.5 

15 

8 .2*** 

connective tissue 

II 

6.0 

4 

2.2 

Congenital anomalies 

44 

24.2 

51 

25:5 

Causes of perinatal morbidity and mortality 

176 

96.6 

128 

70.2** 

Symptoms and Undefined conditions 

67 

36.8 

54 

29.6 

Accidents, poisonings and violence 

39 

21.4 

25 

13.7 

Examination and investigation 

14 

7.7 

12 

6.6 

Total 

1 122 

616.1 

781 

428 4 


><0 05. **p<00l. ••><0.001. 


groups as those of the smokers, 191.5 instead 
of 188.2 children per thousand had been hos¬ 
pitalized among the controls, the difference 
being without significance. 


*. . . 


the- respira toryidiseases the ratio of, the" in- 





okerifl3;Tida 
Table 6 presents the frequency of all disease 
groups diagnosed in children's departments 
per thousand live births among the children of 
smokers and of their controls. If the child had 
been in hospital more than once for the same 
disease it was counted only once. Respiratory 


skin diseases were more freque 




In addition, two cases of 
pulmonary atelectasis and one of empyema 
were recorded among the smokers but none 
among the controls. 




other dt 


Under the age of one year the difference in 
the diseases was in general greater between 
the heavy smokers and their controls than be¬ 
tween the light smokers and their controls, but 
this was no longer true for the age from one 
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Table 7. Causes of death at axe under Jive yeurs union f* the children of the smokers and their 
controls 



Smokers <,VI 821 > 

Controls (.V 1 823) 



Per thousand 


Per thousand 

Diagnosis 

N 

live births 

AT 

live births 

Infective and parasitic dis. 

4 

2.20 

0 

0.00 

Neoplasms 


f. 10 

1 

0.55 

Mental disorders 

0 

0.00 

| m 

0.55 

Dis. of the nervous system and sense organs 

4 

2.20 

i 

0.55 

Dis. of the respiratory system 

5 

2.75 

i 

0.55 

Dis. of the digestive system 

0 

0.00 

i 

0.55 

Dis. of the geniio-urinary system 

0 

0.00 

0 

0.00 

Congenital anomalies 

4 

2.20 

7 

3.84 

Causes of perinatal morbidity and mortality 

23 

12 63 

16 

8.78 

Accidents, poisonings, and violence 

3 

1.65 

2 

1.10 

Total 

45 

24.71 

30 

16.47 


• Down's syndrome. 



Again the 

children of the heavy smokers were more af¬ 
fected than those of the light smokers under 
the age of one. but not at the age of one to five. 

Since the higher frequency of other disease 
groups than respiratory diseases diagnosed 
among the children of smokers might be the 
result of more frequent hospitalization in the 
case of respiratory diseases, the differences in 
the frequencies of skin, blood, and nervous 
diseases and sense organs and diseases of the 
newborn period between the smokers and 
their controls were also calculated excluding 
those hospitalizations in which the main diag¬ 
nosis was respiratory disease. In this case the 
difference in skin diseases was statistically 
significant (p<0.0l) those in diseases of the 
newborn period and nervous diseases almost 
significant (p <0.05) and that in blood diseases 
without significance. 

The hospital visits were studied hy seasons 
of the year taking the months from November 


to March as winter, from May to September as 
summer and the rest combined as the spring 
and autumn period. Tins .difference between 



sicMictfnFm T SDJ^ncfi‘sjL 

No clear trend was found for hospital admis¬ 
sions due to respiratory diseases to be any 
more accentuated among the children of 
smokers during the winter, even though the 
absolute figures for hospital admissions be¬ 
cause of respiratory diseases were certainly 
greater during the winter both for the smokers 
and the controls. 

?h<Ldiat>twjscs*£iMmd^ 
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metabolic;, diseases® The frequency of 
respiratory diseases was 435.3 per thousand 
among the children of the smokers and 390.2 
per thousand among the controls. 




BijBaJMlMtfhMP a>- 

The 


Mm 


causes of death, calculated per thousand live 


births, are seen in Table 7. 38 children of the 


smokers and 29 children of the controls were 


in hospital at the time of death. The recorded 
cause of death was based on autopsy in 59 
cases. Among the 8 cases who were not in 
hospital at the time of deat h, 4 were accidental 
deaths and 2 died of pneumonia, I of meningo¬ 


coccal septicaemia and I of cerebral palsy. 

monest 



DISCUSSION 

The number of smokers in this series is con¬ 
siderably lower than in most other series re¬ 
ported. Goldstein (12) has tabulated the figures 
for the six largest series commonly referred to 
in connection with maternal smoking and its 
effect on the foetus and the child, having as 
the lowest percentage of smokers at the be¬ 
ginning of pregnancy the 21 % of this series 
(26), wjiile the figures in the other series vary 
from 32 to 54%. During the two first months 
of pregnancy the number of smokers in this 
series had dropped to 15.1 %. 

The average number of cigarettes smoked in 
this series was probably also lower than in the 
other series, even though it is not easy to make 
comparisons with other studies because of the 
different criteria used for the classification into 
light and heavy smokers. For example, the 
Ontario Perinatal Mortality study (20) used the 
maximum number smoked per day any time 
during pregnancy, the light smokers being 
those who smoked less than one packet and 


the heavy smokers those who smoked more 
than one packet. Thus the group classified in 
this series as heavy smokers may show more 
similarity with the light smokers than the 
heavy smokers in the Ontario study. 

According to Butler & Goldstein (4) aban¬ 
donment of smoking by the fourth month of 
pregnancy gives a mortality risk and expected 
birth weight comparable to those for mothers 
who are not smokers. The findings of Donovan 
(10) are, however, not in full agreement with 
this. In an earlier analysis of this series (26) it 
was shown that perinatal mortality was not 
significantly higher among smokers than 
among non-smokers when the group of 
smokers was taken to include all those who 
smoked regularly at the beginning of the preg¬ 
nancy. In view of the findings by Butler & 
Goldstein mentioned above and since those 
who stopped smoking during pregnancy in 
this series were also known to be on average 
lighter smokers than those who continued, it 
was reasonable to exclude the 519 mothers 
who did not smoke after the second month of 
pregnancy, who formed about one fifth of the 
original group, in order to highlight the effects 
of maternal smoking. On the other hand, a 
separate analysis was also made of those who 
had only stopped smoking during the last three 
months of pregnancy, and even this subgroup 
showed similar figures for postneonatal mor¬ 
tality and morbidity up to the age of 5 to those 
of their controls (29). 

In the choice of the controls great attention 
was paid to obtaining the best possible match 
with the study group in respect of the place of 
residence. This was done because one of the 
most prominent among the many differences 
between the smokers and non-smokers was 
the concentration of the smokers in the popu¬ 
lation centres, and in this extensive study area 
—160000 km* (26)—the regional differences in 
childhood mortality and the use of the health 
care services are in many respects more im¬ 
portant than the social class differences be¬ 
tween the families (27, 28). Since the controls 
also had to be similar to the smokers in respect 

A* ut Purdiatr St and b7 
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of maternal age. parity, marital status and 
number of children born, it was not possible to 
set any additional demands for similarity be¬ 
tween the groups. As seen from Tables L 2 
and 5, the slightly different distribution into 
social groups among the smokers and controls 
did not affect the results. 

The method of collecting the data on admis¬ 
sions to children’s departments differed from 
that used for ascertaining admissions to any 
hospitals in the area or out-patient visits, the 
former being recorded directly from the hos¬ 
pital records and the latter two being collected 
by questionnaire from the child welfare cen¬ 
tres. It is probable that in the latter two cases 
some under-estimation may exist, but this 
would affect the study group and controls sim¬ 
ilarly. The effects of regional differences were 
carefully eliminated when the control was 
chosen and the maternal smoking was not indi¬ 
cated in any phase of the follow-up study. 
91.5 % of the children in the northern province 
and 95.4% in the southern province were 
registered at a child welfare centre before the 
age of one in 1967 (23). 

The studies most commonly referred to in 
which no adverse effect of maternal smoking 
on perinatal mortality is found are those of 
Jarvinen & ftsterlund (15), O’Lane (17), Peteir- 
son et al. (25), Underwood et al. (37, 38), 
Yerusalmy (39, 40) and the present series (26). 
Sets of data showing that maternal smoking 
may also have an adverse effect on perinatal 
mortality have become more numerous, how¬ 
ever, the best known investigations being 
those of Andrews & McGarry (1), Bailey (2), 
Butler et al. (3,4) Comstock et al. (8. 9): Fabia 
(II), Russel et al. (32), Meyer et al. (19-21) 
and Rush & Kass (31). 



Ontario Perinatal Mortality Study, Meyer et 
al. (20) found that the increased risk of peri¬ 
natal mortality due to maternal smoking was 
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low if the mother was young, of low parity, 
non-anemic and smoked lightly, but high if the 
mother was of high parity, of public hospital 
status, had previous low birth-weight infants, 
or had a low hemoglobin level. Similarly Rush 
& Kass (31) found that black smokers had a 
perinatal mortality rate considerably higher 
than other groups, while among white mothers 
the effect of smoking was of lesser magnitude, 
in Washington County study (8) the higher 
mortality rate caused by maternal smoking 
was most marked among families who ranged 
low on socio-economic characteristics and the 
infants of primiparas and young mothers were 
less likely to suffer in this way. 

Even though the lowering effect of maternal 
smoking on the birth weight in this scries was 
clear (26. 29) the perinatal mortality was no 
higher among the smokers, and no clear trend 
for maternal smoking to be more injurious in 
the lower social groups was found (Table 1). 
One possible explanation for this deviant re¬ 
sult is the small number of heavy smokers in 
the series and the fact that the smokers were in 
general young, low parity women (30). 

The finding that maternal smoking increased 
childhood mortality after the perinatal period 
is similar to that of Comstock & Lundin (8), 
the two highest social groups being least af¬ 
fected (Table 2). 



In the study by Cameron et at. (5) based on 
telephone interviews with 727 Detroit metro¬ 
politan families it was found that the presence 
of tobacco smoke in the environment was as¬ 
sociated with poorer physical health in chil¬ 
dren aged 16 or less, respiratory diseases being 
the most common causes of illness. Harlap & 
Davies (13) have investigated admissions to 
hospital in West Jerusalem infants during their 
first year of life, noting that the infants of 
mothers who smoked during pregnancy, 9.2% 
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of the total of about 10000 interviewed, had 
significantly more admissions for respiratory 
diseases, especially in the winter, and more in¬ 
juries than the infants of non-smokers. Colley 
et al. (7) and Leeder et al. (18) investigated 
2205 families in northwest London and found 
an association with parental smoking in the in¬ 
cidence of pneumonia and bronchitis under 
five, this finding being clearest for those under 
one year of age. Concerning the older chil L 
dren, the opposite has been reported in a cou¬ 
ple of studies. Shy et al. (34) did not find any Concerning the diagnoses which were not 
relationship between parents' smoking and the main causes of hospital admission but 
respiratory diseases among second-grade given during hospitalizations, it is difficult to 
school children, and in the study by Schilling judge if any real difference exists between the 
et al. (33) the findings concerning children be- groups. It may be a question either of children 
tween the ages of seven and 18 were similarly taken into hospital for one reason being more 
negative, Kerrebijn et al. (16) also observed likely to acquire other diagnoses more fre- 
that smoking and non-smoking parents had quently than those not taken into hospital, or 
about the same proportion of school-age chil- of children suffering from one disease being 
dren with respiratory symptoms. They also more prone to others. The latter is true, for ex¬ 
point out that if the respiratory symptoms of ample, in the case of iron deficiency anemia, 
the smoking parents themselves were studied the most common blood disease among Fin- 
simultaneously it could be shown that it is nish children, for children with frequent or 
more a question of the relationship between serious respiratory infections are also more 
the symptoms of the parents and those of the disposed to this type of anemia. On the other 
children than between the tobacco smoke in hand, the lesser degree of significance is not 
the environment and the children's symptoms, necessarily a sign of a smaller difference be¬ 
tween the groups, but may also reflect the 
smaller number of cases in the group, which is 
the case when only some of the hospital admis¬ 
sions are concerned. 

The difference in respiratory diseases be¬ 
tween the children of the smokers and of the 
controls was not so clear in the causes of visits 
to the doctor as in the causes of hospital ad¬ 
missions. Part of the explanation at least, may 
be found in the fact that the difference be¬ 
tween the groups is clearest in the more severe 
diseases. However, the most frequent causes 
of out-patient visits among the children of 
the smokers were mainly found in the same 
admissions among the children of smokers, a diseases groups as in the diagnoses given in 
finding departing from that of Harlap & Davies the children's departments (Table 6). 

(13), is most probably also an index of the 
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higher degree of severity of their diseases. a 
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and in ihe frequencies oft^ chjl^ 

^Trei>o|^*ea vy 
affected^The explanation for the fact that this 
was no longer true for children of the age of 
one to five may lie in the greater resistance of 
this age group, but also be related to the fact 
that maternal smoking habits were recorded 
only during the pregnancy and overlapping has 
occurred between the groups of heavy and 
light smokers and even between the smokers 
and non-smokers in the course of the years. 
On the other hand, the small number of heavy 
smokers in the series makes this group more 
easily effected by random variation than the 
five times larger group of light smokers. 

In contrast to the study on Jerusalem infants 
by Harlap & Davies (13), no clear trend was 
found in this series for hospital admission 
caused by maternal smoking to be more fre¬ 
quent in winter. Part of the explanation, at 
least, may lie in the fact that the healthiest 
period for Finnish children is not exactly iden¬ 
tical with the summer months, but is located 
on average during later summer and early 
autumn. May and June still being quite busy 
times in pediatric practise. 



Paternal smoking was not recorded in this 
study, as is the case with most mother-child 
studies. However, mothers spend more time at 
home on average than do fathers, especially 
during their children's early years and, on the 
other hand, it is obvious that it will not be any 
more common for the father lo smoke in fa¬ 
milies where the mother does not than in those 
whose she does. 

In order to explain the differences found be¬ 
tween the children of the smokers and the con¬ 
trols the following hypotheses can be pre¬ 
sented. First, it can be assumed that even if 
the controls were chosen as carefully as pos¬ 
sible from the five times larger group of non- 
smokers, they would not differ from these only 
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in their smoking habits, but in several other 
respects, e.g. in their biological charac¬ 
teristics. in their manner of taking care of their 
own health and that of their children, in their 
dietary habits, frequency of breast-feeding, 
and so on. In fact, some doubts are still ex¬ 
pressed as to whether any true causal relation¬ 
ship exists between maternal smoking and in¬ 
creased perinatal mortality or reduced birth 
weight (10, 12, 35). At the same time, how¬ 
ever, Goldstein (12) has shown that: “Various 
attempts to falsify the causal hypotheses have 
failed, leaving us with good reason for acting 
as if smoking really did cause a decrease in 
birth weight and an increased risk of perinatal 
mortality/' 

If we accept the causal theory also in respect 
of the later childhood period, we still have to 
judge which is more important, the foetal pe¬ 
riod or the infancy periods For the diseases in 
which the children of the smoker differed most 
from the others in this series, the respiratory 
and skin diseases, it seems reasonable that the 
smoke in the environment should be most im¬ 
portant. However, the importance of other 
contributing factors such as lower birth weight 
has not yet been analysed thoroughly. 
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as well as dyspnoea is higher in smokers than it 
is in nonsmokers and it is also higher in the 
inhabitants of Vlaardingen than it is in those of 
Vlagtwedde. The FEV 10 showed few differences 
between smokers and nonsmokers and between 
the inhabitants of Vlaardingen and those of 
Vlagtwedde. 

Conclusion 

The data currently available in the literature on 
the relationship between air pollution and the 
incidence of respiratory disease arc not in accord 
with one another. This is due, among other 
things, to the Tact that it is difficult to adequately 
differentiate between the effect of concurrent 
other provocative factors and that of air pollu¬ 
tion The relationship between air pollution 
and meteorological factors or the climate 
interferes with many studies on the short-term 
effects of air pollution. In certain weather 
conditions which may induce respiratory symp¬ 
toms (such as the concurrent presence of fog, a 
calm and sunlight), pollutant particles will not 
be dispersed but will continue to float over a 
particular area so that it will be hard to deter¬ 
mine which is the (main) cause of an increase 
in respiratory symptoms. The problems relating 
to this mailer have been described by Cassell 
cl al. (4), among others. 
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APPENDIX V. EFFECT OF PARENTAL SMOKING ON 
RESPIRATORY SYMPTOMS JN THEIR CHILDREN 


Various studies have been conducted on the 
effects of parental smoking on respiratory symp¬ 
toms in children. 

Cameron (!) made a telephone inquiry into 
the relationship between disease during the 
week prior to the inquiry and smoking by mem* 
bers of the family in I 000 families in Denver. 
The number of patients among smokers and 
nonsmokers was equal in individuals over nine¬ 
teen. In those under nineteen, the proportion 
of patients in smoking families was larger than 
that in nonsmoking families. 

Cameron ct al. (2) carried out a similar tele¬ 
phone inquiry on smoking habits and disease 
in 1 000 families in Detroit. They learned that 
respiratory disease was more common in 0-16- 
year-old children of smoking families than it was 
in children of nonsmoking families. This dif¬ 
ference was not statistically significant in chil¬ 
dren under five. The amount of smoke to which 
the children were exposed in smoking families 
of sick children was larger than it was in smoking 
families in which the children were not ill. 

Nurman-Tayfor (3) studied the relationship 
between respiratory infection and parental 
smoking habits in five-year-old children. In 
nonsmoking families, 33.5 per cent of the 
children showed respiratory symptoms. In those 
families which included heavy smokers (one or 
several individuals smoking over twenty ciga¬ 
rettes daily), this proportion was 44.5 per cent. 

Colley ( 4) examined the relationship between 
coughing in children in the 6 to 14 year range 
and parental smoking habits. The number of 
coughing children was smallest in nonsmoking 
parents and largest when the two parents 
smoked. Independently of parental smoking 
habits, there was a definite relationship between 
respiratory symptoms in the parents (in which 
expectoration on arising was adopted as a cri¬ 


terion) and constant coughing in the childrens 
The number of coughing children of smoking 
parents without respiratory symptoms was only 
slightly larger than that of nonsmoking parents 
without respiratory symptoms. The results 
were obtained by questionnaires completed by 
the parents. 

Colley et al. (5) did follow-up studies in 2 205 
children in North-West London; the studies 
started in the first year of life and were con¬ 
tinued over a five-year period. Inquiries were 
made each year regarding pneumonia and 
bronchitis in the children and smoking habits 
and respiratory symptoms in the parents. 
During the first year of life, there was a rela¬ 
tionship between the symptoms shown by the 
children and parental smoking. Bronchitis and 
pneumonia were more common in children of 
smoking parents than they were in children of 
nonsmoking parents. This relationship was 
absent in children after the first year of life. On 
the other hand, there was a correlation between 
respiratory symptoms in the parents (expectora¬ 
tion on arising being adopted as a criterion) and 
bronchitis and pneumonia in the children. In 
the first year of life, the hazard of bronchitis 
and pneumonia in the children was doubled by 
parental smoking. 

O'Connell el al. (6) studied the effect of ciga¬ 
rette-smoke on asthma in children. For this 
purpose, a group of asthmatic patients was 
compared with a group of controls. Sixty percent 
of the parents of the patients were smokers, as 
was also the case with 60 per cent of the parents 
of the controls. Smoke caused aggravation of 
the asthma in 26 per cent of the patients whose 
parents did not and in 67 per cent of those whose 
parents did smoke. In the controls smoke was 
experienced as an irritant of the respiratory 
tract by 2 per cent of the children whose parents 
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did not and by 16 per cent of those whose 
parents did smoke. Of the asthmatic children 
of nonsmoking parents, 2 per cent showed an 
exacerbation of symptoms after inhaling ciga¬ 
rette smoke. This was the case with 16 per cent 
of the asthmatic children who had a single 
smoking parent and with 20 per cent of those 
who had two smoking parents. A considerable 
proportion of those asthmatic children whose 
symptoms were aggravated by cigarette smoke 
showed fewersymptoms when the parents gave 
up smoking. 

HaHap ct al. (7) did a prospective study of the 
number of admissions during the first year of 
life in children of mothers with known smoking 
habits. Children of smoking mothers were hospi¬ 
talized more frequently than were those of non¬ 
smoking mothers. Admissions for bronchitis 
and pneumonia were significantly more common 
in children of smoking mothers than they were 
in children of nonsmoking mothers. This was 
only found to be the case with children from 
6 to 9 months of age. 

CONCLUSION 

The studies of the relationship between parental 
smoking and respiratory disease in children 
showed that: 

(1) The effect of parental smoking on respira¬ 
tory symptoms in children cannot be considered 


without paying attention to parental symptoms. 
A differentiation should be made between the 
effect of parental respiratory symptoms on the 
children through genetic factors and cross in¬ 
fection and the effect of cigarette smoke. 

(2) Symptoms of asthma induced in children 
by smoke are aggravated more often when the 
parents are smokers than when they are non- 
smokers. 

(3) The degree of sensitivity to cigarette smoke 
probably varies with age. 

(4) The amount of smoke inhaled has an 
effect on the symptoms. 
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Table 1. Sick absence* comparison of chronic and acute conditions. The Netherlands , 
1966 > /P6^ /95<S 



Numbers of 

I-S-C." 

1966 

% of total 
number of 
days of 
absence 

Average duration per 
spell of absence (days) 

M F 

Chronic diseases 

Cardiovascular diseases 

Diseases of endomyo- or pericardium 

410-416 

420—422, 430-432 

6.9 

167.1 

129.1 

Disturbances in rate and rhythm 

434 

0.3 

68.2 

68.2 

Other heart diseases 


0.3 

104 2 

78.3 

Hypertension and arteriosclerosis 


2.6 

114.4 

89.2 

Other diseases of the arteries 


0.6 

139.1 

69.6 

Total 


10.7 

118.6 

86.9 

Respiratory diseases 

Chronic bronchitis emphysema, 

502, 526 

241, 317, 0, 

4.0 

73.7 

29.7 

bronchiectasis 

Asthma 

510, 512, 522, 

525, 527, 583 

1.5 

42.4 

32.6 

Other chronic respiratory diseases 
(excluded pneumoconiosis) 

(783,0 excl.) 

1.1 

20.5 

17.6 

Total 


66 

45,5 

26,6 

Chronic arthritis and arthrosis 

722-725 

5.6 

102.2 

112.2 

Ulcer of stomach and duodenum 

540-542 

5.0 

55,5 

55.6 

Displacement of intervertebral disc 

735 

4.3 

95 8 

103 6 

Acute diseases 

Psychoncurotic disorders 

310-314, 317, 5, 

16.8 

34:4 

30.3 

Respiratory diseases 

318, 354, 780, 6, 

790, 7911 

051, 470-475, 

34.4 

11.8 

10.0 

Gastrointestinal diseases 

480-483, 490-493, 

500, 501,511,783,0 
048, 049, 543, 544, 

1J1 

14.2 

12.0 

(excl. appendicitis) 

Accidents 

570, 571, 576 

742, N800-N 999 

13.7 

24.6 

25.9 


® Insured population or Trade Associations. 

* I S C. International Statistical Classification of Diseases Injuries and Causes of Death. 
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1963 


1958 


% of total 

Average duration per 

VoC total 

Average duration per spell 

number of 

spell ofi absence (days) 

number of 

of absence (days) 

days of 
absence 

M F 

days of 
absence 

M F 


7.3 

152.8 

145.5 

6.2 

138.4 

125,7 

0.3 

63.9 

50.9 

0.3 - 

56.1 

499 

0.3 

88.7 

56.5 

0.2 

60.3 

67:0 

26 

113.9 

92.1 

2.5 

106.5 

92.1 

0.5 

115.8 

31.8 

0.4 

112,9 

41 l6 

1IL0 

107;0 

75.4 

9.6 

94.8 

75.3 

4J 

75.9 

30.6 

3.8 

58,7 

23.4 

19 

43.1 

32.9 

Z5 

34.9 

26.6 

0.9 

23.0 

18.5 

0.9 

24.6 

17.0 

7.1 

47.3 

27.3 

7.2 

39.4 

22.3 

5.6 

93 i 

105.9 

6.1 

92,2 

98.5 

5.0 

54.5 

51.6 

7.2 

53.6 

54.2 

4.5 

83.1 

97.9 

5.3 

79.3 

94.7 

i3.8 

3L2 

27.4 

10.7 

26.6 

24.5 

37.5 

13.1 

10.4 

37.8 

11.7 

9 9 

7.6 

14 1 

11.7 

6.2 

13.0 

11.2 

14.4 

25.4 

26.1 

11.4 

23.6 

23.7 
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Table 2. Mortality from asthma* and chronic 
bronchitis b , males and females, per 100 000 of 
each age group, 1959-1971, the Netherlands 

From: The International Statistical Classification of 
Diseases, Injuries and Causes of Death. 


Year 

Age (years) 

<20 20-39 

1959 

0.2 

1.1 

1960 

0.2 

1.4 

1961 

0.2 

1.0 

'1962 

0.2 

0.9 

1963 

0.2 

1.2 

1964 

0.2 

1.1 

1965 

0.2 

1.1 

1966 

0.3 

0.9 

1967 

0.3 

1.7 

1968 

0.2 

1.0 

1969 

0.3 

1.1 

1970 

0.1 

0.4 

1971 

0.3 

0.6 


“ Number 241 (-1968), 493 (I969 + ). 
* Number 491 (-1968), 502 (1969 s ). 


Table 3. Attendance rate, 1968-1972 


Year 

Attendance 
popul. A fl 
<?-) 

Attendance 
popul. B° 

(%) 

1968 

70.6 


1969 

90.4 

75.0 

1970 

92.0 

85.4 

1971 

98.2 

97.5 

1972 

94.0 

96.2 

All years 

58.3 

60.0 


* Attendants are equally divided over areas, birth co¬ 
horts and sexes. 


Table 4. Number and percentage of positive and negative answers, per question 



Hoogvliet, Number 622 

IJsselmonde, Number 630 




Urn 



Un- 

Question (1968) 

Yes 

No 

known 

Yes 

No 

known 

3. Did your child cough like this on most days for as 
much as three or more months a year? 

4. Did your child cough like this on most days in winter 

46(7) 

573 (92) 

3 

45 (7) 

584 (93) 

1 

for as much as three or more consecutive months? 

5. Did your child cough like this on most days in summer 

24 (4) 

595 (96) 

3 

19 (3) 

611 (97) 


for as much as three or more consecutive months? 

6 (/) 

613 (99) 

3 

3 (/) 

627 (99) 



In parenthesis: in of total. 


Table 5. Answer to question 36a {1968), 47a Table 6. Answer to question 36e {1968), 47e 
(1969). (Did your child ever suffer from eczema), (1969). (Have the tonsils been removed), 1968- 
1968-1969 J969 


Group 

P 

P 

rt 

Number 

investi¬ 

gated 

Group 

P 

P 

n 

Number 
invest i- 
gated 

1-1“ 

0.051 

0004 

0.019 

274 

1-1“ 

0.535 

0.008 

0.079 

275 

1-3* 

0.025 

0.004 

0.060 

241 

1-3“ 

0.569 

0.004 

0 107 

241 

2-1 

0.084 

0.005 

0.033 

203 

2-1 

0.598 

0.000 

0049 

204 

2-3 

0.0K7 

0.027 

0.034 

237 

2-3 

0.524 

0.013 

0.064 

237 


* In 1968 interviewer I, in 1969 interviewer 1 “ In 1969 interviewer I, in 1969 interviewer 1. 

* Jn 1968 interviewer I, in 1969 interviewer 3, etc. * In 1968 interviewer I, in 1969 interviewer 3, etc. 
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Table 7. Reproducibility of histamine thresholds 
(mglm!) y 1968-1970° 


53 


1968 

1969 



^8 

16 + > 32 

Total 

number 

mg/ml 

6 

4 

10 

16 r 32, mg/ml 

12 

184 

196 

Total number 

18 

188 

206 


1970 






Total 

1968 

C8 

16+ >32 

number 

*8, mg/ml 

2 

8 

10 

16 t- 32, mg/ml 

1 

166 

167 

Total number 

3 

174 

177 


1970 






Total 

1969 

<8 

16+ >32 

number 

8, mg/ml 

7 

48 

55 

16 r :• 32, mg/tal 

3 

661 

664 

Total number 

10 

709 

719 


* Measurements in May-June of each year. 
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Table 8. Number of children investigated , according to birth cohort , sex and symptom group , 1968-1972 ( population A) X 

Dyspnoea +, Cough + ,c + w + n + :see (ext page 15 

Dyspnoea- Cough - 

Birth Dyspnoea + Dyspnoea * Dyspnoea - c + w+ c-rw* c - w ^ c - w - c-w- 1 - c - w - c-w+ c - w - Un¬ 
cohort Sex Coughs Cough- Cough-!- n + n+ n- n- n+ n + n- n- known Total 


1968 


1/10/60 

M 

6 

13 

8 

6 

6 

5 

5 

2 

29 

4 

130 

0 

214 

30/9/6! 

F 

1 

1! 

9 

3 

2 

0 

9 

1 

22 

3 

152 

1 

214 

Total 


7 

24 

17 

9 

8 

5 

14 

3 

51 

7 

282 

1 

428 

1/10/55 

M 

2 

13 

0 

j 

3 

1 

2 

| 

19 

2 

145 

1 

190 

30/9/56 

F 

2 

6 

4 

0 

1 

2 

2 

0 

18 

3 

161 

0 

199 

Total 


4 

19 

4 

I 

4 

3 

4 

1 

37 

5 

306 

1 

389 

Total general 


11 

43 

21 

10 

12 

8 

18 

4 

88 

12 

588 

2 

817 

In % of total general 


1.3 

5.3 

2.6 

1.2 

1.5 

1.0 

2.2 

0.5 

10.8 

1.5 

71.9 

0.2 

100 

1969 

1/10/60 

M 

2 

19 

4 

2 

4 

3 

4 

4 

20 

10 

141 

1 

214 

30/9/61 

F 

0 

16 

4 

1 

5 

1 

10 

0 

23 

3 

151 

0 

214 

Total 


2 

35 

8 

3 

9 

4 

14 

4 

43 

13 

292 

1 

428 

1/10/55 

M 

2 

24 

0 

0 

2 

1 

2 

| 

13 

4 

141 

0 

190 

30/9/56 

F 

3 

25 

0 

0 

5 

0 

4 

1 

15 

2 

143 

I 

199 

Total 


5 

49 

0 

0 

7 

I 

6 

2 

28 

6 

284 

1 

389 

Total general 


7 

84 

8 

3 

16 

5 

20 

6 

71 

19 

576 

2 

817 

In % of total general 

1970 


0.9 

10.3 

1.0 

0.3 

2.0 

0.6 

2.4 

0.7 

8.7 

2.3 

70.6 

0.2 

100 

1/10/60 

M 

3 

23 

2 

2 

2 

1 

4 

4 

24 

6 

143 

0 

214 

30/9/61 

F 

3 

10 

1 

0 

5 

2 

2 

4 

24 

6 

157 

0 

214 

Total 


6 

33 

3 

2 

7 

3 

6 

8 

48 

12 

300 

0 

428 

1/10/55 

M 

3 

23 

1 

1 

1 

0 

7 

1 

17 

5 

129 

2 

190 

30/9/56 

F 

0 

18 

0 

1 

3 

0 

2 

1 

20 

5 

149 

0 

199 

Total 


3 

41 

1 

2 

4 

0 

9 

2 

37 

10 

278 

2 

389 

Total general 


9 

74 

4 

4 

11 

3 

15 

10 

85 

22 

578 

2 

817 

In •. of total general 1.1 9.1 0.5 0.5 1.3 0.3 1.8 

SA-Mseegog 

Source: https://www.industrydocuments 

1.2 10.8 2.7 70.9 0.2 

.ucsf.edu/docs/nmyx0000 

100 




Acta Psediatr Scand SuppI 26 J 


1/10/60 

M 

5 

20 

3 

1 

1 

2 

5 

5 

15 

7 

146 

4 

214 

4 * . ! 

30/9/61 

F 

2 

T7 

1 

1 

8 

3 

3 

1 

13 

2 

163 

0 

2.4 • • j 

Total 


7 

37 

4 

2 

9 

5 

8 

6 

28 

9 

309 

4 

428 

' f 

• - 

t/10/55 

M 

1 

19 

1 

1 

2 

1 

3 

0 

10 

5 

144 

3 

190 

30/9/56 

F 

0 

27 

1 

0 

7 

1 

3 

1 

12 

1 

144 

2 

199 

Total 


1 

46 

2 

1 

9 

2 

6 

1 

22 

6 

288 

5 

389 

Total general 


8 

83 

6 

3 

18 

7 

14 

7 

50 

15 

597 

9 

817 

■ j 

In % of total general 


1.0 

10.2 

0.7 

0.3 

2.2 

0.9 

1.7 

0.9 

6.1 


73.1 

l.t 

100 

1 

1972 















1 

1/10/60 

M 

3 

16 

4 

1 

3 

0 

1 

6 

15 

9 

153 

3 

214 

30/9/61 

F 

0 

II 

3 

2 

3 

0 

3 

2 

17 

6 

163 

4 

214 

Total 


3 

27 

7 

3 

6 

0 

4 

8 

32 

15 

316 

7 

428 

1/10/55 

M 

2 

12 

3 

0 

2 

0 

2 

2 

10 

8 

149 

0 

190 

30/9/56 

F 

0 

19 

2 

0 

5 

1 

1 

1 

15 

0 

150 

5 

199 

Total 


2 

31 

5 

0 

7 

1 

3 

3 

25 

8 

299 

5 

389 

Total general 


5 

58 

12 

3 

13 

1 

7 

II 

57 

23 

615 

12 

817 

In "* ol total general 


0.6 

7.1 

1.5 

0.3 

1.6 

0.1 

0.9 

1.3 

7.0 

2.8 

75.3 

1.5 

100 1 


i 
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Tabic 9 a. Number and percentage of children with cough, breathlessness on exertion, asthmatic attacks, 
rhinitis, according to birth cohort , 1968-1972 (population A) 

In parenthesis: % or lota! number. Total I numbers differ because of unknown or unreliable answers in some items 
Birth cohort 1/10/60-30/9/61 Birth cohort 1/10/55-30/9/56 

Year Age Pos. Neg. Total Age Pos. Neg. Total 


I. Cough - 3 months* year® 


1968 

6/7 

52 

376 428 

11/12 

17 

372 

389 



(12J) 



( 4 , 3 ) 



1969 

7/8 

27 

401 

12/13 

8 

381 




(6,3) 



(2.0) 



1970 

8/9 

19 

409 

13/14 

12 

377 




( 4 . 4 ) 



(3.0) 



1971 

9/10 

18 

407 

14/15 

1) 

378 



(42) 



U.5) 



1972 

10/11 

15 

412 

15/16 

14 

375 




(32) 



(3.6) 



2. Cough, ' 

■ 3 consecutive months, in winter and/or summer* 





1968 

6/7 

24 

400 424 

11/12 

8 

375 

383 


(52) 



(2.0) 



1969 

7/8 

9 

415 

12/13 

5 

378 



(2jy 



UJ) 



1970 

8/9 

9 

415 

13/14 

4 

379 




(22) 



(J.O) 



1971 

9/10 

11 

413 

14/15 

3 

380 




(2.6) 



(0.7) 



1972 

10/11 

10 

414 

15/16 

7 

375 




( 23 ) 



0.8) 



3. Cough, 1 

and 2 consecutive months, in winter and/or summer* 






1 month 

2 months 


1 month 

2 months 


1968 

6/7 

— 

~ — 

11/12 

— 

— 

— 

1969 

7/8 

37 

19 428 

12/13 

17 

8 

o 

oo 

r+\ 



(8.6) 

(4 4) 


(4.3) 

(2.0) 


1970 

8/9 

30 

14 

13/14 

26 

7 




(7.0) 

(32) 


(6.6) 

(1.8) 


1971 

9/10 

3K 

21 

14/15 

21 

7 




(8.8) 

(4.9) 


(5.4) 

OJ8) 


1972 

10/11 

22 

U 

15/16 

19 

9 




(52) 

(2J) 


(4.8) 

(23) 



4. Dyspnoea on exertion in winter and/or summer 1 * 




Pos. 

Neg. 



Pos. 

Neg. 


1968 

6/7 

17 

407 

424 

11/12 

17 

368 

385 


(4.0) 




(4.4) 



1969 

7/8 

36 

388 


12/13 

52 

333 



(8.4) 




U3S) 



1970 

8/9 

38 

386 


13/14 

43 

342 



(8.9) 




trui 



1971 

9/10 

45 

379 


14/15 

47 

338 




(10.6) 




02.2) 



1972 

10/11 

27 

397 


15/16 

31 

354 



(6J) 




(8.0) 



5. Asthmatic attacks, in winter and/or 

summer* 






1968 

6/7 

16 

410 

426 

11/12 

12 

374 

386 


(3.7) 




(3.1) 



1969 

7/8 

2 

424 


12/13 

1 

379 



(0.4) 



13/14 

OJ8) 



1970 

8/9 

3 

423 


5 

381 



(0.7) 




(U) 
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Tabic 9 a {continued) 


Birth cohort 1/10/60-30/9/61 Birth cohort 1/10/55-30/9/56 


Year 

Age 

PQS. 

Neg. 

Total 

Age 

Pos. 

Nfcg. 

Total 

1971 

9/10 

3 

423 


14/15 

3 

383 




(0-7) 




(0.7) 



1972 

10/11 

5 

421 


15/16 

1 

385 




(/./) 




(03) 



6. Rhinitis, in winter and/or summer 7 






1968 

6/7 

52 

370 

422 

11/12 

18 

366 

384 



V23) 




(4.6) 



1969 

7/8 

42 

380 


12/13 

17 

367 




(9.9) 




(4.4) 



1970 

8/9 

41 

381 


13/14 

22 

362 




(9.7) 




(5.7) 



1971 

9/10 

36 

386 


14/15 

13 

371 




{S3) 




(34) 



1972 

10/11 

26 

396 


15/16 

23 

361 




{63) 




(5.9) 




* Affirmative answers to one or more of questions 3 (1968); 5, 7 (1969). 

6 Affirmative answers to one or more of questions 4, 5 (1968); 6, 9 (1969). 

r Affirmative answers to one or more of questions 7, 8, 10, 11 (1969). 

d Affirmative answers to one or more of questions 15, 16, 17 (5968); 15, 16, 17, 18, 19, 20 (1969). 

* Affirmative answers to one or more of questions 24 (1968); 27, 29 (1969). 

/ Affirmative answers to one or more of questions 29 (1968); 34, 38 (1969). 


Tabic 9b. Number and percentage of children in symptom-positive groups , 1968-1972 {population A) 
In parenthesis: •. of total number 


Year 

Age 

(years) 

Boys 



Girls 



Boys + girli 


Pos* 

Neg.* 

Total 

Pos.“ 

Neg: 6 

Total 

Pos.* ' 

Neg 6 

Total 

Birth cohort JjWf 1960-30)9} 1961 









1968 

6/7 

27 

187 

214 

21 

193 

214 

48 

380 

428 



( 12.6) 



(9.8) 



013) 



1969 

7/8 

25 

189 


20 

194 


45 

383 




(11.6) 



(93) 



003) 



1970 

8/9 

28 

186 


14 

200 


42 

386 




03.1) 



(63) 



(93) 



1971 

9/10 

28 

186 


20 

194 


48 

380 




033) 



(v.J> 



013) 



1972 

10/11 

23 

191 


14 

200 


37 

391 




00.7) 



(63) 



(8.6) 



Birth 

cohort If 1011955-3019} 1956 









1968 

11/12 

15 

175 

190 

12 

187 

199 

27 

362 

389 



(7.9) 



(6.0) 



(6.9) 



1969 

12/13 

26 

164 


28 

171 


54 

335 




033) 



04.1) 



03.9) 



1970 

13/14 

27 

163 


18 

181 


45 

344 




04.2) 



(9.0) 



013) 



1971 

14/15 

21 

169 


28 

171 


49 

340 




(//./) 



04.1) 



02.6) 



1972 

15/16 

17 

173 


21 

178 


38 

351 




(8.9) 



O0.6 ) 



(9.8) 




* D+ C +, D »■ O, D- C >: see text p, 15. 

* Unknown included. 
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Table 9 c. Percentage of children with cough y breathlessness on exertion , asthmatic attacks, rhinitis y 
and in symptom positive groups according to age (population A) 


Age 

(years) 

Cough >3 
months a 
year 

Cough .3 
con see. 
months a 
year 

Cough 2 
consec. 
months a 
year 

Cough 1 
consec. 
month a 
year 

Dyspnoea 

on 

exertion 

Asthmatic 

attacks 

Rhinitis 

D + C+ 

D + C- 
D- D+* 

6/7 

12.1 

5.6 



4.0 

3.7 

12.3 

11.2 

7/8 

6.3 

2.1 

4.4 

8.6 

8.4 

0.4 

9.9 

10 5 

8/9 

4.4 

2.1 

3.2 

7.0 

8.9 

0.7 

9:7 

9.8: 

9/10 

4.2 

2.5 

4.9 

8.8 

10.6 

0.7 

85 

112 

10/11 

3.5 

2.3 

2.5 

5.1 

6.3 

1.1 

6 1 

86 

11/12 

4.3 

2.0 

— 

— 

4.4 

3,1 

4.6 

6.9 

12/13 

2.0 

1.3 

2.0 

4.3 

13.5 

1.8 

4.4 

13:9 

13/14 

3.0 

1.0 

1.8 

6.6 

11.1 

1.3 

5.7 

11.6 

14/15 

2.8 

0.7 

1.8 

5.4 

12.2 

0.7 

3.4 

126 

15/16 

3.6 

1.8 

2.3 

4.8 

80 

0.2 

5.9 

9.8 

Number 6/11 

428 

428 

428 

428 

424 

426 

422 

428 

Number 11/16 

389 

389 

389 

389 

385 

386 

384 

389 

Total number 

all ages 

817 

817 

817 

8! 7 

809 

812 

806 

817 


* See text p. 15. 


Table 10a. Number and percentage of children y according to the number of years with a positive item , 
per item and birth cohort (population A) 

In parenthesis: % of total number. Total numbers differ because of unknown or unreliable answers in some items. 


Cough 0 


Birth cohort 1/10/60-30/9/61 Birth cohort 1/10/55-30/9/56 


Number 

of 

years 

positive 

^ 3 months 
a year 

- 3 consec. 
months a 
year 

2 consec. 
months a 
year 

1 consec. 
month a 
year 

3 months 
a year 

3 consec. 
months a 
year 

2 consec. 
months a 
year 

I consec. 
month a 
year 

0 

344 

381 

405 

374 

346 

370 

377 

345 


(80.3) 

(89.0) 

(945) 

(87.4) 

(88.9) 

(95./) 

(96.9) 

(88.6) 

1 

54 

33 

21 

49 

31 

14 

12 

38 


vm 

(7.7) 

(4.9) 

(114) 

(7.9) 

(3.6) 

(3.0) 

(9.7) 

2 

17 

12 

2 

2 

7 

4 

0 

5 


(i.9) 

(2.8) 

(0.4) 

(0.4) 

(1.8) 

(1.0) 


(13) 

3 

10 

1 

0 

3 

4 

0 

0 

0 


(23) 

(0.2) 


(0.7) 

(1.0) 




4 

2 

1 

0 

0 

0 

0 

0 

1 


(0.4) 

(0.2) 






(0-2) 

5 

1 

0 



1 

I 




(0.2) 




(0.2) 

(0.2) 



Total 









number 

428 

428 

428 

428 

389 

389 

389 

389 


* Criteria see Table 9u. 
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Table 106. Number and percentage of children according to number of years with symptoms* birth 
cohort and sex (population A) 


Number 

or 

years 

positive 

Birth cohort 1/10/^0-30/9/61 



Birth cohort I/I0/55-30/9/56 



Boys 


Girls 


Boys + girls 

Boys 


Girls 


Boys + girls 

N 

*'• 

N 

»' 

N 


N 


N 


N 

% 

0 

154 

71.9 

167 

78.0 

321 

75.0 

146 

76.8 

150 

75.4 

296 

76.1 

1 

30 

14.0 

23 

10.7 

53 

12.4 

17 

8,9 

20 

10.0 

37 

9.5 

2 

9 

4.2 

13 

6.1 

22 

5.1 

8 

4.2 

14 

7.0 

22 

5.6 

3 

8 

3.7 

5 

2.3 

13 

3.0 

8 

4.2' 

3 

1.5 

11 

2.8 

4 

6 

2.8 

5 

2.3 

n 

2.6 

6 

3:2 

10 

5.0 

16 

4.1 

5 

7 

3.3 

l 

0.5 

8 

1.9 

5 

2.6 

2 

1.0 

7 

1.8 

Total 

214 

100 

214 

100 

428 

100 

190 

100 

199 

100 

389 

100 

• D+ C 

^,Dt 

C-, D - 

C r : see text p. 15. 










Dyspnoea on exertion? 

Asthmatic attacks 

o 

-r- 

Rhinitis 0 


Birth cohort 


Birth cohort 


Birth cohort 


1 f 10/60- 
30 9/61 

1/10/55- 

30/9/56 

1/10/60- 

30/9/61 

1/10/55- 

30/9/56 

1/10/60- 

30/9/611 

1/10/55- 

30/9/56 

344 

300 

401 

371 

330 

329 

<*/./) 

(77.9) 

(94./) 

(96./) 

(78.2) 

(85 6) 

39 

34 

23 

10 

39 

36 

(9.2) 

(3.#) 

(5.4) 

(2.6) 

(9.2) 

(9.3) 

17 

20 

1 

1 

23 

8 

14.0) 

(51) 

(0.2) 

(0.2) 

(54) 

(2.0) 

10 

13 

0 

1 

16 

5 

OJ) 

tfJ) 


(0.2) 

(3.0) 

OJ) 

10 

13 

1 

2 

6 

4 

OJ) 

(jjy 

(0.2) 

(04) 

0.4) 

</-0) 

4 

5 

0 

1 

8 

2 

10 . 9 ) 

iU) 


(0.2) 

0.9) 

(0-5) 

424 

385 

426 

*86 

422 

384 


“ Criteria set Table 9w. 
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Table 11. Number and percentage of children according to symptoms and previous history (population A) 


Cough >3 months Cough >3 consecutive Cough 2 consecutive Cough ] consecutive 

a year months a year months a year months a year 


Positive 
answer on 
question® 


1-5 x 

Ox 


1-5 x 

Ox 


1-4 x 

Ox 


1-4 x 

Ox 


N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

N 

•/ ' 

m 

N 

% 

36A C68) 

178 

62 

48,8 

116 

16,7 

37 

56.1 

141 

18.8 

14J 

40,0 

164 

21.0 

44 

44.9 

134 

18.7 

36/ (’68) 

308 

103 

81.1 

205 

29.8 

58 

87.8 

250 

33.4 

23 

65:7 

285 

36.5 

56 

57.1 

252 

35.1 

36/ (’68) 

83 

21 

16.5 

62 

9.0 

11 

16.7 

72 

9.6 

5 

14.2 

78 

10,0 

20 

20.4 

63 

8.8 

19 (’68) 

206 

65 

51.2 

141 

20.5 

38 

57.6 

168 

22.4 

17 

48:6 

189 

24.2 

39 

39:8 

167 

23.3 

12 (’69) 

138 

61 

48.0 

77 

11.2 

37 

56.1 

101 

13.5 

14 

40.0 

124 

15.9 

34 

34.7 

104 

14.5 

21 (’69) 

115 

47 

37.0 

68 

9.9 

33 

50.0 

82 

10.9 

10 

28,6 

105 

13.5 

27 

27.6 

88 

12.3 

28 (’69) 

27 

14 

11.0 

13 

19 

8 

12.1 

19 

2.5 

3 

8,6 

24 

31 

8 

8.2 

19 

2.6 

30 (’69) 

22 

11 

1.6 

7 

10.6 

15 

2.0 

3 

8.6 

19 

2.4 

6 

6.1 

16 

22 

16 

22 

Total 


















number 

815 

127 


688 


66 


749 


35 


780 


98 


217 



* 36 h (1968) Did your child ever have periods of asthma or bronchitis? 

36/ (1968) Did your child ever have periods of cough? 

36/ (1968) Did your child ever have pneumonia? 

19 (1968) Did your child ever wheeze? 

12 (1969) Did your child ever have periods of cough for as much as 3 consecutive months in the previous years? 

21 (1969) Has your child ever been troubled by shortness of breath when playing outdoors or walking up a staircase 
in the previous years? 

28 (1969) When resting did your child ever have attacks with shortness of breath in winter in the previous years? 

30 (1969) When resting did your child ever have attacks with shortness of breath in summer in the previous years? 


N 

© 

W 

CJ 

CO 

00 

w 

•O 

00 
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Kerrebijn, K.F., Hoogeveen-Schroot, H.C.A., van der Wal, M.C. 
"Chronic Nonspecific Respiratory Disease In Children, A Five-Year 
Follow-up Study" Acta Paediatrica Scandinavica 261: 7-71, 1977. 

SUMMARY: Asthma, chronic bronchitis and emphysema (chronic 
nonspecific respiratory disease, CNSRD) are common conditions in 
adults (32,34) and children (29) in the Netherlands. Many children 
with symptoms belonging: to the CNSRD syndrome will continue to 
have these into adult life 1 (3,9,17,21,23,42,44,53,54). The various 
studies concerning the history of CNSRD in childhood are hardly 
comparable as regards their design and results. The definitions 
of asthma, asthmatic bronchitis, recurrent bronchitis and chronic 
bronchitis in children and the criteria for recovery or improvement 
are not sufficiently clear. Recent and previous symptoms are often 
not differentiated. The critical evaluation of the effect of 
treatment on the course of the disease is insufficient in most 
studies. 

In the majority of children , the symptoms of CNSRD begin 
in the first five years of life. The chance that they will persist 
into adulthood seems to be least in those children, in whom symptoms 
are not frequent or slight and disappear during school age. Some 
findings suggest that optimum treatment and favourable psychosocial 
conditions have a beneficial effect on the course of the disease. 
However, to quantitate these is difficult. 

It will therefore often be impossible to make a reasonable 
prediction of the prognosis of CNSRD in childhood for adult life. 
In order to ensure optimum curative and preventive medical care, 
it will be essential to examine the conditions in which the 
injurious effects of exogenous factors, such as allergens, 
infections, chemical and physical agents and unfavourable 
psychosocial circumstances, are reduced to a minimum. However, 
studies on the relative significance of various exogenous factors 
are difficult to perform. These studies are merely practicable in 
homogeneous, clearly defined populations living under specific 
conditions in which only a limited number of exogenous factors 
play a role. 

In view of the morbidity of CNSRD, the most extensive 
possible preventive care in addition to optimum treatment of signs 
and symptoms is essential. Among others, this will include 
counselling of smokers, vocational guidance, advice on housing, 
etc. This is of importance in adults and, to an even greater 
extent, in subjects in the 10-20 year range, in whom adequate health 
care and health counselling will contribute to a favourable course. 

In adults morbidity and absenteeism due to CNSRD would 
presumably be considerably reduced if children running and increased 
risk of CNSRD in later life could be selected at an early stage 
and given adequate care. 

This aspect, i.e. the selection of children running an 
increased risk, is the subject of the present study. 
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1. INTRODUCTION 


Asthma, chronic bronchitis and emphysema 
(chronic nonspecific respiratory disease, 
CNSRD) are common conditions in adults (32, 
34) and children (29) in the Netherlands. Many 
children with symptoms belonging to the 
CNSRD syndrome will continue to have these 
into adult life 1 (3, 9, 17, 21, 23, 42, 44, 53, 54). 
The various studies concerning the history of 
CNSRD in childhood are hardly comparable as 
regards their design and results. The definitions 
of asthma, asthmatic bronchitis, recurrent 
bronchitis and chronic bronchitis in children 
and the criteria for recovery or improvement 
are not sufficiently clear. Recent and previous 
symptoms are often not differentiated. The 
critical evaluation of the effect of treatment on 
the course of the disease is insufficient in most 
studies. 

In the majority of children, the symptoms of 
CNSRD begin in the first five years of life. 
The chance that they will persist into adulthood 
seems to be least in those children, in whom 
symptoms, are not frequent or slight and 
disappear during school age. Some findings 
suggest that optimum treatment and favourable 
psychosocial conditions have a beneficial effect 
on the course of the disease. However, to quanti¬ 
tate these is difficult. 

It will therefore often be impossible to make 
a reasonable prediction of the prognosis of 
CNSRD in childhood for adult life. In order to 


ensure optimum curative and preventive medical 
care, it will be essential to examine the conditions 
in which the injurious effects of exogenous 
factors, such as allergens, infections, chemical 
and physical agents and unfavourable psycho¬ 
social circumstances, ar reduced to a minimum. 
However, studies on the relative significance of 
various exogenous factors are difficult to 
perform. These studies are merely practicable in 
homogeneous, clearly defined populations living 
under specific conditions in which only a 
limited number of exogenous factors play a 
role. 

In view of the morbidity of CNSRD, the 
most extensive possible preventive care in 
addition to optimum treatment of signs and 
symptoms is essential. Among others, this will 
include counselling of smokers, vocational 
guidance, advice on housing, etc. This is of 
importance in adults and, to an even greater 
extent, in subjects in the 10-20 year range, in 
whom adequate health care and health coun¬ 
selling will contribute to a favourable course. 

In adults morbidity and absenteeism due to 
CNSRD would presumably be considerably 
reduced if children running and increased risk 
of CNSRD in later life could be selected at an 
early stage and given adequate care. 

This aspect, i.e. the selection of children 
running an increased risk, is the subject of the 
present study: 


2. EPIDEMIOLOGY OF CNSRD 


2.1. PREVALENCE 

For the literature on the prevalence of CNSRD 
in the Netherlands and other countries* the 

1 A detailed review of this literature is available at the 
author. 


reader is referred to the thesis by Van der Lende 
(31) and a number of papers published by the 
TNO Working group on the Epidemiology of 
CNSRD (33, 34). 
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Fig. I. Deaths by congenital malformations (1) (numbers 
750-759 (- ’68), 740-759 (’69 accidents (2)(numbers 
E8Q0-E999), neoplasms (3) (numbers 140-239), pneu^ 
monia (4) (numbers 490-493 (-*68), 480-486 (’69 H)), 
and chronic non specific lung diseases (5) (numbers 241, 
502, 526, 527.1 ( '68), 493, 391, 518, 492 (’69 k), boys 
and girls, 0-14 years of age, 1950^1971, The Netherlands. 
Numbers of the international statistical classification of 
diseases, injuries and causes of death. 

2.2. ABSENTEEISM DUE TO SICKNESS 

Table I shows absenteeism due to a number of 
chronic and acule conditions in the Nether¬ 
lands in 1958, 1963 and 1966. More recent data 
have not been published. 

Among the chronic conditions,chronic respira¬ 
tory disease (mainly CNSRD) is the next im¬ 
portant cause of absenteeism after cardiovascular 
disease. Absenteeism was estimated at from 
10 000 to M 000 man years in 1966. 

The considerable social significance of acute 
respiratory conditions which cause five times 
the absenteeism due to chronic respiratory 
disease is accentuated by the table. It should be 
pointed out that it is not impossible but even 
likely that part of the absenteeism resulting 
from acute respiratory conditions occurs in 
cases of chronic respiratory disease and is di¬ 
rectly due to the latter. The figures reported for 
chronic respiratory disease as the cause of 
absenteeism are therefore likely to be minimum 
figures, 
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Fig , 2. Mortality from chronic nonspecific Jung diseases 
(numbers 241, 502, 526, 527.1) (-’68), 493, 491, 518. 
492 (’69 r)), males, per 100000 of each age group, 
1950-1971, The Netherlands. Numbers of: the inter¬ 
national statistical classification of diseases, injuries and 
causes of death. 

2.3. MORTALITY 

In 1968, Speizer (47) and his associates published 
mortality rates from asthma in a number of 
countries. These showed a marked increase in 
subjects in the 10-19 year range in Great 
Britain, Japan and Australia, it was suggested 
that this could have been due to the excessive 
use of aerosol bronchodilators and the fact'that 
administration of steroids during exacerbations 
was inadequate. 

Table 2 shows the death rates from asthma 
and chronic bronchitis in subjects in the 0-39 
year range per 100 000 of each age group in the 
Netherlands. The rates are very low and there 
was no increase during the period from 1959 
to 1971. 

The difference in mortality rates between the 


Numbtf 



Fig. 3. Mortality from chronic nonspecific lung diseases 
(numbers 241, 502. 526, 527.1 < -•«), 493, 491, 518, 
492 (‘69 )), females, per 100 000 of each age group. 

1950-1971, The Ntthcriands. International statistical 
classification of diseases, injuries and causes of death. 
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Fig . 4 . Deaths by chronic brorKhitis and emphysema, 
—, (numbers 502 ? 527.1 (-*68) 491 4 492 (’69 )) and 

asthma,-, (numbers 241 ( *68), 493 (*69 r)), males, 

55-59 years of age, 1950-1971, The Netherlands. Num¬ 
bers of the international statistical classification of 
diseases, injuries and causes of death. 

Netherlands and Great Britain is hard to 
account for, particularly as the clinical picture 
and general schedules of treatment are com* 
parable in the two countries. 

Jn Figure 1, the number of subjects in the 
0-14 year range who died from CNSRD is 
compared with the number of deaths from 
congenital malformations, accidents, neoplasms 
and pneumonia. These figures also show that 
CNSRD is a minor cause of death in children. 

Figures 2 and 3 show the mortality from 
CNSRD per 100 000 men and women over 
forty. Mortality is higher in men than it is in 
women. The men show an increase from the 55th 
year of life. This begins about the year 1954. 
The increase is caused by chronic bronchitis 


Number 



Fig, 5. Mortality from chronic bronchitis and emphysema 
(numbers 502 respj 527.1 ( *68), 491 resp. 492 069- » 
compared to mortality from arteriosclerotic heart 
disease (numbers 420 ( -’68). 410, 411, 412, 413, 414 

(*69 *r )), men ( — — ) and women ( --), 50-54 

years of age. The Netherlands. Numbers of the inter¬ 
national statistical classification of diseases, injuries and 
causes of death. 


and emphysema, as is apparent from Figure 4. 
(This figure is concerned with subjects in the 
55-59 year range; it also holdk true, however, 
for the older age groups.) The cause of this 
increase is obscure. Increased cigarette smoking 
may possibly be a factor. An outstanding 
feature is the fact that the mortality from bron¬ 
chitis and emphysema runs parallel to that 
from cardiovascular disease, although absolute 
mortality is lower. This is illbstraled in Figure 5 
for those in the 50-54 year range. 


3. STUDY DESIGN AND OBJECTIVES 


From 1968-1972 a follow-up study on symptoms 
and signs of CNSRD was performed in randomly 
selected populations of schoolchildren in Rot¬ 
terdam. 

The aim was to investigate the appearance or 
disappearance of symptoms of CNSRD and to 
select children running an increased risk of 


CNSRD in adult life by means of a standardised 
questionnaire. This was supplemented by pul¬ 
monary function tests, determination of the 
bronchial reactivity, allergy skin tests, chest 
radiography and investigations about social 
factors, air pollution, parental smoking habits 
and parental respiratory symptoms. 
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4. POPULATIONS STUDIED 
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4.1. )n 1968, this consisted of: 

(1) 175 boys and 175 girls bom during the 
period from October 1960 to October 1961 and 
living in the Hoogvliet district. 

(2) 175 boys and 175 girls born during the 
period from October 1955 to October 1956 and 
Jiving in the Hoogvliet district. 

(3) 175 boys and 175 girls born during the 
period from October I960 to October 1961 and 
living in the Usselmonde district. 

(4) 175 boys and 175 girls born during the 
period from October 1955 to October 1956 and 
Jiving in the IJsselmonde district. 

The total number was 700 children of Hoog¬ 
vliet and 700 children of IJsselmonde. This 
population will henceforth be referred to as popu¬ 
lation A. These were randomly selected popula¬ 
tions taken from children born during the 
above periods and living in Hoogvliet and 
IJsselmonde on October I, 1967. They were 
chosen for the following reasons: 

(!) Clinical experience has shown that changes 
in the occurrence of symptoms of CNSRD can 
be expected in the 6-16 year range. 

(2) The two districts are newly constructed 
areas with favourable housing and social con¬ 
ditions. 

(3) Industrial air pollution was greater in 
the Hoogvliet district than it was in the JJssel^ 
monde district at the beginning of the study. 

4.2. As it was advisable to increase the number 
of children with symptoms in view of the follow¬ 
up, 255 children of the relevant cohorts, who 


were recorded as having symptoms of CNSRD 
by the school medical officers and living in 
Hoogvliet and IJsselmonde, were selected in 
1969. The findings in these children were used 
only in longitudinal studies and not in data 
on prevalence. This population will be further 
referred to as population B. 

4.3. The numbers and proportions of children 
of populations A and B who fully took part in 
the study during the period from 1968 to 1972 
are listed in Table 3. in each year, the children 
are equally distributed over the districts and 
sexes; the number of those of the older cohort 
taking part is slightly smaller than is that of 
those of the younger cohort. (The difference was 
approximately 10 per cent in 1972.) The reasons 
for not taking part were traced wherever pos¬ 
sible by home visits or telephone calls. Although 
specific inquiries were made in this regard, 
respiratory symptoms were not stated as the 
reason in any of these cases. Change of residence 
was the reason in approximately one-third of 
those who did not take part in the study during 
the period from 1969 to 1972; the other most 
often stated reasons were: 

— objections to committing oneself to a five- 
year period 

— objections on schoolabsence 

— objections on principle 

— inadequate interest in the study 

— family reasons 

— severe mental or physical disorders in the 
child to be studied 

— refusal on the part of the child. 




5. METHODS OF INVESTIGATION 


5.1. QUESTIONNAIRES ON SYMPTOMS 

5.1.1. General 

A European Coat and Steel Community (ECSC) 
questionnaire modified for children was used 


in taking the medical histories of the children. 
In 1968, the histories concerned the last two 
years; in the next few years, they only con¬ 
cerned the year just ended. The questions were 
asked by two investigators (physicians). In 1968, 
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the parents were sent a questionnaire in advance 
with the request to complete it at home. The 
questions asked in the questionnaire were 
broadly similar to those asked during the 
investigation. This sellVadministered question¬ 
naire was designed to prepare the parents for 
the questions that would be asked during 
the investigation. It was regarded as essential 
that the answers should reflect reality wherever 
possible, i.e., that the methods adopted in this 
study should discriminate as sharply as possible. 
For this reason, the original ECSC question¬ 
naire was modified to some extent as early as 
1968. Specifically the following passage was 
included orally in questions 1-3 after “usually”: 
“that is to say, as many as five days a week on 
average". Moreover questions 4 and 5 were 
added, in which it was explicitly stated what 
was meant by "three months a year”, namely, 
three consecutive months a year. Table 4 shows 
that this makes a considerable difference in the 
number of affirmative answers. The question* 
naire was extended with questions on cough for 
two months and one month in 1969. Therefore 
the numbering of the questions had to be 
changed'in 1969. It is already indicated in the 
text and the tables to which year the numbering 
of a question refers. The questionnaire is given 
in Appendix 1. 

5.1.2. Reliability of the questionnaire 
(II) The answers to question 36 h (1968) ("Did 
your child ever have any attacks of bronchitis 
or asthma?") were compared with those to 
questions on cough; dyspnoea and asthmatic 
attacks. All children examined were classified 
into one of four symptom groups (dyspnoea + 
cough r (D +! C r ) dyspnoea H cough -(D*t C — ) 
dyspnoea- cough H(D C*r) dyspnoea -cough 
- (D C - ) For details, see Section 6-1, p. 15). 

This comparison did not justify any doubt as 
to the correctness of the answers to the questions 
used in classifying the children into symptom 
groups. 

(2) It was checked whether children showing 
symptoms of CNSRD which were severe enough 


for referral' to the outpatient department of 
the respiratory unit of the Sophia Children’s 
Hospital, always were classified into one of the 
symptormpositive groups after their parents had 
answered the questionnaire. This was done in 
76 children. Independently another investigator 
attempted to answer the questionnaire using the 
children’s hospital records. 

The difference between and similarity of the 
answers to each question in the records and 
questionnaire have been recorded. 

Fifty-nine percent ofi the answers were 
identical in the records and questionnaire, 
whereas this was not the case with twenty-seven 
percent. Fourteen percent of the answers were 
not reliable. 

The similarity was found to be most marked 
in questions relating to the previous histories 
of the subjects. In view of the background of 
the children, this is an obvious finding. 

Cough was less frequently coded in the af¬ 
firmative according to the questionnaire than it 
was according to the records. The similarity of 
the questions on dyspnoea was fairly clbse. 

Conclusion. In the children showing respira¬ 
tory symptoms, there is inadequate similarity 
between the findings in the questionnaire and 
those in the records as regards the symptom 
cough and fairly adequate similarity where the 
symptom dyspnoea is concerned. The question¬ 
naire shows an underreporting of the symptom 
cough. 

(3) A number of the variables included in the 
study, such as cough and dysponoea, are 
marked by dichotomy of the values, i.e. t they 
show whether a particular symptom has or has 
not occurred or whether it is present. 

Efforts were made to study the variations in 
frequency distribution of such a variable from 
one survey to another. The following parameters 
were introduced for this purpose. 

p -possibility in errors of coding 
/’-possibility of appearance of the symptom 
with which the question is concerned at ihc 
time of the first survey 
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rr = possibility of the symptom having occurred 

during the interval between the first and 

second surveys. 

The values of />* P and n about the variables 
“history of eczema” (question 47 a (1969)) and 
“tonsils removed” (question 36c (1968)) have 
been estimated by the maximum likelihood 
method. This was done separately in four 
groups. These groups differed from one another 
in that they were questioned by different inter¬ 
viewers in at least one of the two years during 
which inquiries were conducted. These questions 
are best suited to verify the reproducibility of 
the result obtained^ as a finding which was 
positive in 1968 should continue to be so during 
the following years. The calculated estimates 
of the values of p , P and n are shown in Tables 
5 and 6. The groups in these tables are com¬ 
posed according to the numbers of the succes¬ 
sive interviewers; group 1-3 for instance, in¬ 
cludes those children who were interviewed by 
interviewer 1 in 1968 and interviewer 3 in 1969. 1 

The tables show that the estimated value of 
p (the percentage of faulty codings) continues 
to be very low. h is highest in group 2-3. 

(4) In fifty children of the oldest birth cohort; 
the questionnaires were separately submitted 
to the mother and the child at several weeks’ 
intervals. The similarity between the answers 
given on the two occasions ranged from good 
to excellent. 

(5) As is apparent from Tables 12 and 13, the 
mean one-second forced expiratory volume 
<FEV,*) and the mean forced expiratory volume 
expressed as a percentage of the vital capacity 
(FEVj.,%) of children with dyspnoea on exer¬ 
tion are significantly lower than those in 
children showing no respiratory symptoms 
(D- C-,c w n ) (for further explanation 
of these tables, see p. 18) 

Conclusion drawn from studies on the reliability 
of the questionnaire . The answers to the ques- 

* In 1969, interviewer 3 look the place of interviewer 
2 who had to discontinue her activities because of change 
of residence. 
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tions asked in the questionnaire appear to be 
fairly reliable and readily reproducible. Appreci¬ 
able differences between interviewers were not 
observed. Comparison of the results obtained 
using the questionnaire with the findings in the 
records of the out-patient department is not 
possible. A small proportion of the out-patients 
to whom the questions of the questionnaire 
were put were classified with the group in which 
symptoms were absent. This was probably due 
to the fact that treatment had reduced the 
symptoms to such an extent in these cases that 
they no longer satisfied the criteria adopted for 
the groups in which symptoms were presenti 
This may, naturally, also be the case in popular 
tion surveys and may result in an unduly low 
symptom prevalence rate. The symptom most 
difficult to evaluate is dyspnoea on exertion. 
The FEV, 0 % of children who showed only this 
symptom is significantly lower than that in 
nondyspnoeic subjects, which supports the 
reliability of the indicative value of this question. 
Appendix II includes a review of the literature 
on observer's errors. 

5.2. SOCIAL QUESTIONNAIRE 

In 1969 and 1970; the homes of all children 
who had taken part in the entire survey in 1969 
were visited. A questionnaire on social and 
demographic data was completed by a health 
visitor trained for this work. IF required, she 
explained the purpose of the survey in greater 
detail and also urged people to continue taking 
part in it to the best of their ability. This data 
was collected for the purpose of obtaining in¬ 
formation on the social and demographic back¬ 
grounds of the children under investigation and 
their families. 

5.3. QUESTIONNAIRE ON THE STATE 
OF HEALTH OF PARENTS, BROTHERS 
AND SISTERS 

In 1972, the parents were sent a questionnaire 
for the purpose of collecting data on the family 
background of respiratory symptoms and smok¬ 
ing habits (36). 
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5.4. PHYSICAL EXAMINATION 
The upper and lower respiratory tract were 
physically examined each year. Jn addition, the 
height, weight and physical development were 
measured by standardized methods (39, 48). 

5.5; FUNCTION TESTS 
Pulmonary function tests were performed and 
the histamine threshold was determined each 
year. This was done in population A from 
1968 in the oldest and from 1969 in the 
youngest cohort and in population B from 1969. 
Pulmonary function tests were invariably per¬ 
formed between the end of April and mid-June 
to avoid accidental diminution because of 
respiratory symptoms due to seasonal factors 
as much as possible. They were only performed 
when no respiratory symptoms were present 
at the time of investigation. 

5.5.1. Pulmonary function tests 

The following values were determined: 

(1) In all children the vital capacity (VC) 
and one-second forced expiratory volume 
(FEV, o) using a Lode water sealed spirometer 
(model D53) 

(2) In a limited number of randomly selected 
children of each birth cohort, the total lung 
capacity and the residual volume by means of t he 
He method, using a volumogruph no. 4 (Mijn- 
hard t). 

5.5.2. Histamine threshold 

The reactivity of the bronchi was determined 
by the histamine threshold (52) using the ex¬ 
piratory peak flbw instead of the VC and 
FEVj as parameters of bronchial obstruction. 
The expiratory peak flow was measured with 
a Wright peak-flow meten 

5.5.2.1. Comparison of the histamine thresh - 
old as measured with the spirometer and with 
the Wright peak-flow meter. In 327 children 
(those taking part in the population survey as 
well as children attending the out-patient de¬ 
partment of the respiratory unit of the Sophia 
Children's Hospital), the histamine threshold 
was determined by the spirometer and by the 


Wright peak-flow meter. The results of the two 
methods of determination were in good agree¬ 
ment. 

5.5.2.2. Reproducibility of the histamine thres¬ 
hold. In Table 7, the number of children of 
population A in whom various determinations 
of the histamine threshold were carried out 
during the period from 1968 to 1970 are listed. 
Normal or slightly lowered histamine thresholds 
(16* >32 mg/ml) are readily reproducible; 
markedly lowered thresholds (<8 mg/ml) often 
show an improvement. 

5.5.2.3. Relationship between initial pulmonary 
function and histamine thresholds . This was 
studied in a separate survey (Appendix HI). 
This study showed that there is some relation¬ 
ship between the initial FEVj 0 or the peak flow 
and the histamine threshold. When the histamine 
threshold is known, however, it is not possible 
to even approximately predict the FEV t 0 , nor 
can the histamine threshold be predicted when 
the FEVj 0 is given. Repeated measurements of 
pulmonary function and the histamine threshold 
showed that these often show an opposite trend 
(i.e. histamine thieshold decreases and pulmo¬ 
nary function increases or vice versa). 

Conclusion. The determination of the hista¬ 
mine threshold as a parameter of the bronchial 
reactivity seems to be useful in addition to the 
measurement of the pulmonary function. These 
two quantities are probably largely determined 
by different factors. The histamine threshold is 
readily reproducible in the normal and slightly 
lowered range when it is measured over a 
number of years. It would be of major im¬ 
portance to know whether a histamine threshold 
which is permanently lowered (i.e., also during 
an optimum clinical period in which the VC and 
FEV l# are within normal limits) his any 
significance for the prognosis. 

5.6. ALLERGY TESTS 
Tests for cutaneous allergy to house dust, 
mixed moulds, 1 grass pollen 5 and danders’ were 

1 The mixed moulds imJmkd: TricHoderma viridc, 
Fusarium culmorum, Oadosporium; Cladosporiadcs, 
Cladosporium datum, Cladosporium herbarum, Rhizo- 
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performed in population A in 1968 and in 
population B in 1969. Testing with house dust, 
grass polten and danders could be repeated in a 
number of children in the spring of 1973 after 
the main study had been completed, by the same 
technicians. 

The allergens used were Diephuis allergens 
at the following concentrations: intracutaneous 
injection of 0.5 mg/ml of house dust and, in 
the case of a positive reaction, additional in¬ 
jection of 0.05 mg/ml and 0.005 mg/ml; intra¬ 
cutaneous injection of 0.2 mg/ml of mixed 
moulds and when a positive response was ob¬ 
tained; additional injection of 0.02 mg/ml and 
0.002 mg/ml; intracutaneous injections of 1 000 
Noon units of grass pollen and, for positive 
reactors, additional injection of 100 Noon units 
and 10 Noon units; intracutaneous injection of 
0.25 mg/ml of danders and, in the event of a 
positive response, additional injection of 0.025 
mg/ml and 0.0025 mg/ml. 

The allergens used in 1973 were of the same 
batch as those used during previous years. They 
had been stored in the freeze-dried state. 

pus nigricans, Slemphylium botryosum, Ahemaria 
lenuis. Penicillium brevi compactum, P. expansum, P. 
notatum, P. frequentans, P. commune, Aspergillus 
versicolor, Aspergillus niger, Aspergillus fumigatus, 
Mucor sponosus, Mucor mucedo, Mucor racemosus, 
Pullularia pullulans, Boirytis cencrea, Merculius domes- 
licus, Epicoccum purparascens. 

* The grass pollen intituled: Sccale cereale (rye), Dac- 
tylis glomcraiu (cocksfoot grass), Lolium perenne 
(rye-grass), Anthoxantum odoraium (sweet vernal 
grass), Alopecurus pratensis (meadow foxtail grass), 
Agrostis alba (white bent), Hokrus lanatus (Yorkshire 
fog), Cynosurus cristatus (crested dogtail). 

* Human and animat danders: Man, horse, swine, cat; 
goat, cattle, rabbit.dog, sheep and various birds. 


To study the repeatability of the tests for 
cutaneous allergy in individuals showing a 
positive response, skin testing was repeated in a 
number of asthmatic patients of the Sophia 
Children’s Hospital with positive intracutaneous 
reactions. These patients were treated but had 
not been desensitized. The technicians per¬ 
forming the skin tests were not aware of the 
results of the previous tests The repeatability 
was, on the whole, highly satisfactory in those 
age groups in which the present study was 
carried out. 


5,7. RADIOGRAPHY 

5.7.1. Radiography of the lungs 

In 1968, X-rays of the lungs were made in all 
children of population A and, in 1969, in all 
those who were studied in population B. These 
X-rays were read by H. A. van Geuns, M.D., 
without knowing the children or their medical 
histories. He used a standardized method in 
which particular attention was paid to the lung 
pattern and hiii. 

5.7.2. Determination of bone age 

X-rays of the left hand of all children were taken 
each year to determine the bone age in order to 
correlate this with height growth, development 
of puberty and pulmonary function. In each 
case, the bone age was determined by the same 
investigator (H.Hi.-S) using Tanner's method 
(49). 



6. RESULTS 

6.1. CLASSIFICATION INTO exertion and attacks of asthma (Text-table 1). 

SYMPTOM GROUPS A classification into four symptom groups 

For a convenient arrangement of the results,the was based on the scheme: D + C-f, D i C-, 
following classification into symptom groups D-C l and D C-. 

was made. It was based on the major symptoms In the rating dyspnoea +, questions 15 and 
of CNSRD i.e. prolonged cough, dyspnoea on 24 of 1968 and questions 15, 18, 27 and 29 of 
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Texi-table 1. Classification into symptom groups based on major symptoms 


Dyspnoea 

Questions 24 (1968), 

27 and/or 29 (1969); 

When resting did your child ever 
have attacks of shortness of breath 
with wheezing at rest (asthmatic attacks)? 

Questions 15 (1968), 

15 and/or 18 (1969): 

Has your child ever been troubled 
by shortness of breath when playing 
outdoors or walking up a staircase? 

D 4 

Yes 

Yes 


Yes 

No 


No 

Yes 

D- 

No 

No 

Cough 

Question 4 (1968) 

Question 5 (1968) 


Question 6 (1969) 

Question 9 (1969) 


Did your child cough like this" 

Did your child cough like this® 


on most days in winter for as much 

on most days in summer for as much 


as three or more consecutive months? 

as three or more consecutive months? 

C + 

Yes 

Yes 


Yes 

No 


No 

Yes 

c- 

No 

No 


* i.e. continuously, that is on average 5 days a week. 


1969 were combined, as it is difficult to ade¬ 
quately differentiate between dyspnoea on 
exertion and dyspnoea at rest in children. 

The D-C-group was subdivided into on the 
basis of "secondary'' symptoms (Text-table 2). 


6.2 PREVALENCE OF COUGH, 
DYSPNOEA ON EXERTION, ASTHMATIC 
ATTACKS AND RHINITIS IN 
POPULATION A 

Table 8 includes a summary for each year of 
investigation, based on the birth cohort and 
sex per symptom group. In Table 9a , the 
number and percentage of children according to 
the year of investigation and the age of the 
children are listed for each symptom and birth 
cohort. 

In Table 96, this was done for the combina¬ 
tion of symptom-positive groups (D i C t, 
D » C- , D-C i ) per birth cohort and sex. 
The percentages listed in Tables 9 a and 96 
are summarized in Table 9r, having been 
arranged by age. The number and percentage 
of children in whom a particular symptom was 
present for 0, J, 2, etc., years are slated in 


Table I0o. The number and percentage of 
children classified in one of the symptom-posi¬ 
tive groups for 0, I, 2, etc., years are shown in 
Table 106. 

The following can be deduced from these 
tables: 

(o) The total number of children taking part 
for five years consisted of 428 of the youngest 
group (61.1 percent of the initial number) and 
389 of the oldest group (55.6 percent). As is 


Text-table 2. Subdivision of D-C-groups 


Cough 

Wheezing 

Nasal 

catarrh 

Codes in 
tables 

4 


4 

c f w + n -f 

4 

— 

- 

c 4 w-n- 

+ 

4 

- 

c-i w + n- 

+ 

- 

4 

c *i w —* n 4 

- 

4 

- 

c- wh n - 

- 

- 

-t- 

c-w-n 4 

- 

-» 


c — w n 4 

— 


— 

i 

c 

i 

* 

u 


ctough) i •» affirmative answer to questions I and/6r 2 
and/or 3 0968); questions I and/or 2 and/or 3, and/or 
4 and/or 5 0969). 

wfheezing) » affirmative answer to question 19 (1968); 

questions 23 and/or 23 (J 969). 
n(asat catarrh) affirmative answer to questions 29 
and/or 30 0968); 34 and/or 35-37, and/or 38, and/or 
39-41 (1969). 
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Text-table 3. Number and percentage* of those 
taking part , 1968-/970 


Year 

Birth cohort 

1960-1961 1955-1956 

1968 

632 

620 


(90.2) 

(88.5) 

1969 

495 

467 


(70.7) 

(66.7) 

1970 

466 

439 


<66.5) 

(62.7) 

1971 

441 

410 


(63.0) 

(58.5) 

1972 

428 

389 


(61.1) 

(55.6) 


• 700 -100v 


apparent from Text-table 3, the largest pro¬ 
portion dropped out after the first survey. There 
was an equal sex distribution. 

( b ) In the youngest birth cohort, the number 
or boys included in any of the symptom-positive 
groups is larger than the number of girls in 
each year of investigation. The boy-girl ratio 
in the youngest birth cohort averages 3:2 
(Tables 9a and 9b). Jin the oldest birth 
cohort, the number of boys in the symptom¬ 
positive groups in 1969, 1971 and 1972 is 
slightly smaller than is the number of girls, 
the boy-girl 1 ratio averaging 1:1 in this cohort. 

(c) Coughing over prolonged periods (three or 
more months a year or three or more consecu¬ 
tive months a year) is most common in six- 
year-old children (5.6 percent) (Tables 9 a and 
9r). In the older age groups, prolonged cough¬ 
ing occurs in only 1-2 percent of the cases, 
but coughing for three or more months a year 
is almost twice as common. It should be pointed 
out that the question asked in 1968 was con¬ 
cerned with prolonged coughing “in the past 
two years”, so that affirmative answers to this 
question will partly refer to symptoms present 
at an age of four or five. 

(d) The prevalence of coughing for two conse¬ 
cutive months is higher than is that of coughing 
for three or more consecutive months but lower 
than that of coughing for three or more months a 
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year. The prevalence of coughing for one month 
is approximately twice as high as that of coughing 
for two months (Tables 9 a and 9c). The number 
of children coughing for two consecutive months 
or for one consecutive month shows a marked 
decrease after the 9ih-IOth year of life. 

( e ) During the period of life in which the 
children start smoking (see also p. 26), the 
prevalence of coughing does not increase. 

(/) Dyspnoea. The symptom “dyspnoea on 
exertion” shows a marked increase up to roughly 
10 percent in the two birth cohorts during 1969 
and the following years, whereas the incidence 
of asthmatic attacks drops to approximately 
1 percent or less (Tables 9a and 9c). This 
might be partially accounted for by the fact 
that more effective treatment was instituted as 
a result of the initial survey, so that genuine 
attacks of asthma were less common and 
dyspnoea on exertion became the more out¬ 
standing feature. A large proportion of children 
predisposed to asthma are known to show 
exercise-induced bronchial obstruction even 
when the asthma is adequately controlled and 
attacks no longer occur (20, 24, 30). Un¬ 
fortunately, this finding could not be verified, 
as it was not usually possible to obtain a dear 
picture of the effect of treatment on the course 
of the symptoms. 

(g) The prevalence of rhinitis , like that of 
coughing for a short period, decreases after the 
9lh—10th year of life and occurs then in 
approximately 6 percent. 

(A) As is apparent from Table 9b, the 
proportion of children classified into any of 
the three symptom-positive groups varies from 
approximately 9 to 12 percent in each age 
group, with exceptions downwards in the 11-12 
year range and upwards in the 12-13 year 
range. These must be assumed to have been due 
by chance. A striking feature is the fact that 
no decrease occurs at the age of puberty. The 
number of children in whom a similar symptom 
is present in two or more of the five years of 
investigation is relatively small (Table 10a). 
Among the answers to the questions on cough 
“three months a year** is most common for 
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several years, followed by “three consecutive 
months a year". Coughing for two consecutive 
months or for one month is only occasionally 
listed more than once. Among the respiratory 
symptoms listed in this table, dyspnoea on 
exertion is most frequently described as having 
been present for several years. 

As was previously apparent from Tables 
9 a and 9c, Table 10a shows that the 
prevalence of cough is much lower in the oldest 
birth cohort than it is in the youngest. This 
also holds true for attacks of asthma and rhinitis 
but not for dyspnoea on exertion. 

As is shown by Table 106, approximately 2 
percent! of the children of the two birth cohorts 
belonged to one of the symptompositive groups 
for five consecutive year*. This was the case 
w ith from 2 to 4 percent for four or three years. 


Conclusions 

(1) In most children showing symptoms of 
prolonged 1 cough, dyspnoea or attacks of 
asthma, symptom shifts take place over the 
years. These are not reflected in the transversal 
prevalence rales. 

(2) The symptom-positive groups—the preva¬ 
lence of which does not vary markedly in the 
two birth cohorts during the various years of 
investigation—partly include a varying popula¬ 
tion. This means that a population of school- 
children characterized as “positive for CN5RD" 
in a transversal study may include individuals 
who will be found to not satisfy the classical 
criteria of CNSRD when follow-up studies are 
done in other years. 

The reverse also is the case: Section 5.1.2.2. 
showed that children with recurrent respiratory 
symptoms are not invariably included in a 
symptom-positive group in transversal studies 
when the questionnaire is used in medical 
history-taking: 

In order to gain a better understanding of the 
significance of these findings, the following 
relationships were studied: 

2 - 762889 
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6.2.1. The relationship between the frequency of 
a positive symptom and the previous history of 
respiratory symptoms 

The findings are shown in Table II. 

All symptoms are characterized by a marked, 
statistically significant (P <0.01 chi-square test) 
similarity between their appearance in one or 
several years of investigation and an affirmative 
answer to questions regarding the previous 
history. As the number of cases in which a 
symptom is positive in more than two out of five 
years is small, it is difficult to decide whether a 
high incidence of symptoms is more frequently 
associated with a positive previous history 
than is a low incidence. This trend is un¬ 
doubtedly present 

The similarity between prolonged cough, 
dyspnoea on exertion and attacks of asthma on 
the one hand and periods marked by cough on 
the other is a very striking feature. This is also 
the case with previous histories of children with 
dyspnoea on exertion, attacks of asthma and 
wheezing and the similarity between histories 
of attacks of asthma and cough. 

Conclusion . There is a statistically signifi¬ 
cant relationship between respiratory symptoms 
in children at school age and those appearing in 
previous years. 

6.2.2. The relationship between respiratory symp¬ 
toms and the pulmonary function parameters one * 
second forced expiratory volume (FEV i4 >) and 
the forced expiratory volume expressed as a per¬ 
centage of the vital capacity (FEV 1J0 %), (Tables 
12 and 13) 

The normal means shown in these tables for the 
FEVjLe. the FEVj^(E) were calculated from 
the findings in the children without recent 
respiratory symptoms (D—C-, c —w —n —) and 
with a negative previous history. 

The mean FEV 1# % was 81 (+10-2SE). 
The figures listed in Table 13 were achieved 
by calculation or the mean pulmonary function 
values for each child from all measurements 
carried out during the course of the study. 
(Children in whom less than three measure- 
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Text-table 4. Analysis of variance of findings listed in Table 13 


Cough •> 
con+ 

Cough 3 seculive 
months months 
a year a year 

3 Cough 2 
con¬ 
secutive 
months 
a year 

Cough ] 
month 
a year 

Dyspnoea 

on 

exertion 

Asth¬ 

matic 

attacks 

Rhinitis 

D + C + 

D + C- 
D-C + 

D-C- 
and/or n 
and/or 

Wi 

D-C — 
c-n-w 

P~ 0 01 P - 0.05 

P-0.05 

P-0.23 

P<0.0l 

P<0.0i 

P0.01 

P :0.0J 

P-0.37 

P<0.0 


merits were made, were not included in the 
tables.) The averages were then calculated 
from the individual averages in each group. 
Comparison of the children with and without 
symptoms by age group (Table 12) shows that 
the mean FEV, 0 % is usually within one standard 
error of the normal meani(>76 percent) for all 
symptoms with the exception of asthmatic 
attacks. Children having asthmatic attacks 
show a mean FEV, 0 % within two standard 
errors of the normal mean up to the fourteenth 
and fifteenth years of life; however the value 
decreases with increasing age. The mean 
FEV, is slightly lower in children with symp¬ 
toms than it is in those without. This is 
particularly true for asthmatic attacks. Table 
13 shows the mean FEV i 0 % according to the 
number of years during which a symptom was 
positive. 

Jn the symptoms prolonged cough (three or 
more months a year, three or more consecutive 
months a year, two consecutive months a year), 
dyspnoea on exertion, attacks of asthma and 
rhinitis as well as in the symptom-positive 
combinations, the mean FEV,„ and mean 
FEV, 0 \\, decrease as the number of years in 
which the symptom or combination of symp¬ 
toms was present, increase. This trend was veri¬ 
fied by an analysis of variance (Text-table 4). 


The trend is significant for all symptoms except 
cough during one consecutive month: The fact 
that the symptom-negative combination with 
positive "secondary 1 ’ symptoms (D-C-, c and/or 
n and/or w + ) does not show variations in pul¬ 
monary function indicates that the “secondary’ 1 
symptoms are indeed of less importance than 
the major symptoms. 

The fact that there is also a significant trend 
in rhinitis can be understood from Text-table 5 f 
which shows that there is a relationship between 
the number of years in which rhinitis occurred 
and that in which other respiratory symptoms 
were present. This relationship is highly signifi¬ 
cant for all respiratory symptoms in this table 
(P-cO.Ol; chi-square test). 

Conclusion. A study of the relationship be¬ 
tween various respiratory symptoms and the 
number of years for which they were present 
shows that the pulmonary function parameters 
which were measured decrease with the duration 
of the symptoms. 

This supports the view that these symptoms 
are relevant as parameters of recurrent or 
chronic respiratory disorders in children. The 
effect can be seen already in children who have a 
major symptom for only one year and it is most 
marked in children with asthmatic attacks. 
Prolonged coughs dyspnoea on exertion and the 


Text-table 5. Percentage of children with rhinitis associated with other respiratory symptoms 


Rhinitis 
(years) 
No. of 
years 

Cough 3 months 
a year 

Cough * 3 consecutive 
months a year 

Dyspnoea on exertion 

Asthmatic attacks 

0 t 

; 2 

0 

1 

>2 

0 

1 

: 2 

0 

1 

.2 

0 

90.0 8.3 

1.7 

97.1 

2.3 

0.6 

34.1 

8.3 

7.6 

953 

4.1 

0.6 

1 

50.0 31.3 

18.8 

62.5 

30.0 

7.5 

57.5 

16.2 

26.3 

87.5 

8.8 

3.3 

: 2 

58.2 II.4 

30.4 

73.4 

15.2 

11.4 

46.8 

21.5 

31.6 

88.6 

6.3 

5.1! 
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symptom-positive combinations show a similar 
pattern in this regard. This means that the 
symptoms referred to must be taken into 
account ini estimating risks, when they have 
appeared at least once at school age. (See also 
Section 7.4:) 

6.2.3, The relationship between respiratory symp¬ 
toms and the histamine threshold 
This is shown in Table 14. Only those children 
in whom at least three determinations of the 
histamine threshold were made are included in 
this table. Each child is arranged in the order of 
frequency of the various symptoms according to 
the median value of ail histamine thresholds 
determined in that child. 

The question as to whether there is a rela¬ 
tionship between the median histamine thresh¬ 
old value and the presence of respiratory 
symptoms was studied: The relationship be¬ 
tween a markedly reduced median value of 
the histamine threshold ( .8 mg/ml) and the 
presence of symptoms for one or several years is 
highly significant for each individual symptom 
and for the symptom-positive combinations 
(P -0 01, chi-square test). Because of insufficient 
numbers, this could not be examined for astl^ 
malic attacks. 

Conclusion. There is a statistically significant 
relationship between the presence of symptoms 
and a lowered histamine threshold. This also 
serves to support the relevance of the symptoms 
referred to as parameters of chronic or recurrent 
respiratory disorders in children. The question of 
whether a histamine threshold showing a perma¬ 
nent decrease has any prognostic significance 
(see also p. 24) cannot be answered because of 
the small number of children in whom this was 
the case. Follow-up studies in a selected popula¬ 
tion will be belter suited for this purpose (26). 

6.3. COMPARISON OF THE FINDINGS 
IN HOOGVLIET AND LJSSELMONDE IN 
RELATION TO AIR POLLUTION 

Fig. 6 shows the mean monthly concentrations 
of sulphur dioxide and smoke in the two 


districts during the period from 1967 to 1972. 
As the determinations made in 1968 and the 
first half of 1969 were unreliable, these arc not 
stated. Beginning in June 1969, air pollution 
was measured by a semiautomatic apparatus, 
the so-called merry-go-round. In view of the 
results of measurements in 1967 and previous 
years, it was believed that the concentrations of 
sulphur dioxide and smoke would be much 
higher in Hoogvliet than in lJsselmonde. How¬ 
ever, a chimney which is 213 m high has come 
into use at the Shell refinery at Hoogvliet in 
1969. The differences in air pollution between the 
two districts turned therefore out to be 
relatively slight after 1969. 

In 1968, there was no appreciable difference 
in prevalence of symptoms between Hoogvliet 
and lJsselmonde. Also in the following years, 
there were no systematic or marked differences 
between the answers to the questions in the two 
districts. These answers therefore were not 
arranged by district in Tables 9-11. 

For a summary of the most important litera¬ 
ture on the subject of air pollution and respira¬ 
tory disease, see Appendix IV. 

6.4. ALLERGY TESTS 

The results of the first and second series of 
skin tests are listed for each birth cohort in 
Table 15a. 

The proportion of children of the two birth 
cohorts in whom the tests were positive showed 
a two- to threefold increase where house dust, 
grass pollen and danders were concerned. It 
comes as no surprise that the proportion of 
positive tests in the youngest birth cohort in 
1973 is of the same order of magnitude as 
that In the oldest birth cohort in 1968 and 
1969. In fifty percent of the children in 
whom skin tests were positive in both scries, the 
positive test was associated with a lower allergen 
concentration in the second than it was in the 
first series. Table 156 shows the symptom 
pattern of the children in whom skin tests were 
positive in 1973 and that of those in whom all 
tests were negative. 
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Fig. 6 a. Mean concentrations of SO t Org/m*). Hoogvliet 
and lJsselmonde, 1967-1972. 
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Fig. 6b. Mean concentrations of smoko (/frn/to*), 
viict and iJsselmonde, 1967-1972. 
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Text-table 6. P values of differences in symptom prevalence according to skin tests (chi-square test) 


Skin test 

1973 

1968/69 

Cough:3 
months 
a year 

Cough >3 
con see. 
months 
a year 

Cough 

1 and 2 
consec. 
months 
a year 

Dyspnoea 

on 

exertion 

Rhinitis 

D + C + 

D - C- 
D-C + 

House dust 

+ 


n.s. 

nj. 

n.s. 

P-0.02 

n.s. 

P-0.04 


+ 

+ 

n.s. 

n.s. 

n.s. 

P-0.05 

n.s. 

P-0.03 


+ 

- 







Danders 



P< 0.01 

P- 0.01 

P« 0.1 

P<0.0l 

P<0.01 

P<0.0l 


H 

-t- 

P<0.01 

n.s. 

n.s. 

P<0.01 

P<0 01 

P<U.01 


+! 

- 








The children showing a positive response are 
arranged according to the allergen used and 
classified into a “first lime negative-second 
time positive” group and a “twice positive” 
group. 

The chi-square test was used to investigate 
the significance of differences in symptom- 
prevalence according to the skJntests to house 
dust and danders 1 (Text-table 6). 

Children in whom skin tests to house dust 
were positive in 1973 showed more often dys¬ 
pnoea on exertion for one or several years and 
more often belonged to a symptom-positive 
group than children in whom skin tests were 
negative in 1973 (PC0.05). This also was the 
case with children in whom skin tests to house 
dust were positive in 1973 and 1968/69 as 
compared will) those in whom skin tests were 
positive in 1973 but negative in 1968-69 
(PC 0.05). 

Children in whom skin tests to danders were 
positive in 1973 had all symptoms more fre¬ 
quently than children in whom skin tests were 
negative in 1973 (P *0.01). But in children with 
positive skin tests in 1973 and 1968/69 only 
cough for 3 or more months a year, dyspnoea 
on exertion and rhinitis were more prevalent 
than in those with positive tests in 1973 and 
negative in 1968/69 (P<0.01). 

1 Because of the small number of positives, significance 
tests have not been done for asthmatic attacks and gross 
pollen. 
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Conclusion. An obvious relationship exists 
between the presence of respiratory symptoms 
and positive skin tests with house dust and 
danders. This relationship is most marked in 
the case of danders. This suggests that danders 
are of greater importance as an allergen than 
house dust in the population investigated. 

A curious finding is the small difference bet¬ 
ween the proportion of children with positive 
skin tests to danders who live in households with 
and without domestic animals (18.0 and 15.6 
percent respectively): These latter children ob¬ 
viously have contact with animals so often at 
school or at their friends* home that they yet 
become atopic. 


6.5. RADIOGRAPHY 

The number of children with increased line 
shadows and mottled shadowing is listed in 
Table 16. The two changes are mainly present 
in children of the symptom-negative group. 
Approximately 50 percent of the children with 
increased line shadows or mottling had a 
positive previous history. 

Other radiological changes were observed in 
thirteen children. These consisted of: 

— marked enlargement of the left hilus in one 
child. This child had a medical history 
which was negative for respiratory symptoms 
and showed a negative tuberculin test 

— low diaphragm in four children 
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— a calcified area in the left upper field in one 
child 

— a broad mediastinal shadow in one child 

— an azygos lobe in two children. 

6 , 6 . RELATIONSHIP BETWEEN SOCIAL 
AND DEMOGRAPHIC FACTORS AND 
RESPIRATORY SYMPTOMS 
Housing conditions were favourable in the two 
districts. 54 percent of the children lived in a 
one-family house. Only 0.4 per cent of the 
houses were designated as inadequate. The 
proportion of houses containing one or several 
damp rooms was 10 percent. 62 percent of the 
children had their own bedroom, 32 percent 
shared their bedroom with one child, 6 percent 
shared it with two or more children. 71 percent 
of the families kept pets. 

There existed 1 no relationship between re¬ 
spiratory symptoms and the occupation of the 
father, the housing conditions except bedroom 
shared with two or more, and the presence of 
pets in the family. 

6.7. RELATIONSHIP BETWEEN 
PARENTAL SMOKING AND RESPIRA¬ 
TORY SYMPTOMS IN CHILDREN 
Table Ma shows the relationship between pa¬ 
rental smoking and respiratory symptoms in 
the children in 1972. 


Smoking and nonsmoking parents have about 
the same proportion of children with respiratory 
symptoms. The number of cigarettes smoked 
by the parents has no influence on respiratory 
symptoms in their children, as is shown in 
Table Mb. 

These findings are in accordance with those 
reported by the majority of other investigators 
(Appendix V). 

6 . 8 : RELATIONSHIP BETWEEN 
RESPIRATORY SYMPTOMS IN PARENTS 
AND CHILDREN 

Table I 80 shows the relationship between 
respiratory symptoms in parents and children: 
The more symptoms the parents have, the more 
of their children belong to one of the symptom- 
positive groups (:P<0.01, chi-square test). Al¬ 
though this is the case in children of smokers 
and non smokers, it is most obvious in the 
smokers children, as is apparent from Table 196. 


6.9. LONGITUDINAL DATA FOR HEIGHT, 
SKELETAL MATURATION, WEIGHT 
AND PULMONARY FUNCTION 

These will be published separately as soon as 
the statistical analysis has been completed. 


DISCUSSION OF RESULTS 

7.1. METHODS 


As slated in Section 5.1.2, the answers to the 
questions posed in the questionnaire may be 
considered as sufficiently reliable for the calcula¬ 
tion of prevalence data of respiratory symptoms 
in schoolchildren. The most common symptom 
which is the most difficult to evaluate is 
dyspnoea on exertion. An affirmative answer 
to the question “Has your child ever been 
troubled by shortness of breath when playing 
outdoors or walking up a staircase” (question 


15 (1968), 15 and 18 (1969)) was adopted as a 
parameter, because question 14 (1968) (“Has 
your child ever been troubled by shortness of 
breath when cycling against the wind or on 
running?") was not considered to be sufficiently 
specific. The obvious relationship between a 
previous history of respiratory symptoms and an 
affirmative answer to this question (Table 11) 
and the fact that the mean pulmonary function 
values in children with dyspnoea on exertion 
were lower than those in children without 
respiratory symptoms (Tables 12 and 13) sug- 
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gests that an affirmative answer should be 
rated as such. This also holds true for the 
other major symptoms (cough for three or more 
consecutive months a year and asthmatic 
attacks) as well as for the questions cough 
for three or more months a year, cough for 
two consecutive months a year and rhinitis. 
The last three symptoms were included in 
symptom group D-C- (c + w—n+) to make 
a differentiation possible between the CNSRD 
group according to the widely accepted criteria 
based on studies in adults (36) and symptoms or 
combinations of symptoms which may be of 
importance earlier in life. Exercise-induced 
bronchial obstruction is a common symptom 
in children (20, 24, 30). Unfortunately, exercise 
tests using a treadmill or running to determine 
whether bronchial obstruction particularly oc¬ 
curs in the children with an affirmative answer 
to the questions on dyspnoea on exertion could 
not be performed. 

Wheezing without prolonged cough, dyspnoea 
on exertion or asthmatic attacks docs not affect 
pulmonary function. Wheezing has thererefore 
been classified among the minor symptoms. 

Table 13 shows that the FEVj .*% was a more 
sensitive parameter of pulmonary function than 
the FEY, This is in accordance with the 
findings reported by other investigators (22, 46). 

In children with symptoms the decrease in 
pulmonary function was slight and also in 
those with symptoms for many years, the mean 
FEV,. 0 % usually was within one standard 
error of the normal mean in all symptoms with 
the exception of attacks of asthma. This can 
be partly due to the fact that—in order to obtain 
baseline values—measurements were carried out 
only when respiratory symptoms were not 
present at the time of investigation and in a 
season in which few respiratory infections oc¬ 
curred! 

Future surveys should include pulmonary 
function tests revealing changes in the small 
bronchi, such as determination of the expiratory 
flow at small lung volumes and the closing vol¬ 
ume (8, 16, 35, 40, 41, 55, 56). 

Section 5.1.2. shows that observer's errors 
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(see also Appendix II) did not affect the 
answers to the questions to any appreciable 
extenu The reproducibility of the answers can 
be considered to be good. The histamine thresh¬ 
old is usually regarded as a measure of reactiv¬ 
ity of the respiratory tract to nonspecific 
stimuli (43, 51) and as an endogenous charac¬ 
teristic of chronic nonspecific respiratory dis¬ 
ease (52). 

However, as de Vries (52) has shown, in adults 
the histamine threshold is dependent of the 
initial! pulmonary function. As this relationship 
was rather weak in the children studied, we con¬ 
tinued to determine the histamine threshold 
each year and we have considered it to be an in* 
dependent characteristic of CNSRD (see also 
Appendix III): 

Surveys for CNSRD showed that a relation* 
ship between respiratory symptoms and a 
lowered histamine threshold (16 mg/ml) was 
present in both adults (32) and children (29). 
The findings in children were verified by the 
present study. 

As stated previously, measurements were 
carried out only when respiratory symptoms 
were absent at the time of investigation. This 
enhances the value of the relationship found to 
exist between the histamine threshold and a 
history of respiratory symptoms in regard to 
the relevance of these symptoms as parameters 
of chronic or recurrent respiratory disorders. 

It is still questionable whether a lowered hista¬ 
mine threshold can be considered as an endo¬ 
genous characteristic of CNSRD. Only 13 per¬ 
cent of the children in this study showed a di¬ 
minished median histamine threshold ( ^ 16 mg/ 
ml). This is loo small a number to answer this 
question. 

The prevalence of a lowered histamine thresh¬ 
old value varied considerably in the various 
years of investigation (Text-table 7). 

This is more in favour of the histamine 
threshold to be a measure of the reactivity 
present at the lime of investigation than to be 
an endogenous determined personal charac¬ 
teristic. This is also suggested by the findings 
in the Dutch alpine clinic for asthmatics in 
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Text-table 7. Annual prevalence of histamine 
threshold 


Year of 
investi¬ 
gation 

Histamine threshold 
(mg/ml) 

*' 8 

16 

• 

;-32 

« 

•m 

1968 

5 

14 

81 

1969 

8 

16 

76 

1970 

1 

9 

90 

1971 

2 

10 

88 

1972 

4 

7 

89 


Davos, where a lowered histamine threshold 
value is restored to normal levels in some 
patients, whereas it is not in others during their 
stay in the high mountains (25* 26). 

Patients were examined for the presence of 
allergy by intracutancous skin tests in which 
various concentrations of allergen were used as 
recommended by Voorhorst (50), Some in¬ 
vestigators claim that it is preferable to perform 
skin tests on the back, as the results obtained by 
this method are believed to be more sensitive and 
more readily reproducible. This, however, is 
denied by others (19). 

For psychological! reasons, the present tests 
were performed on the volar surface of the right 
forearm. We used the intracutaneous method 
since this is more sensitive than the prick test and 
since the test can be performed with various con¬ 
centrations or a particular allergen. The fact that 
reagins to a specific allergen are present in the 
skin does not imply that bronchial obstruction 
will occur on inhalation of the allergen ( 1,28,37). 

In this survey we found a relationship between 
the presence of respiratory symptoms and posi¬ 
tive skin tests, particularly to danders. This 
suggests that the increasing practice or keeping 
domestic animals in families and at schools may 
result in an increase in respiratory symptoms 
due to allergy to danders. 

During the course of five years, the pro¬ 
portion of children with positive skin tests 
showed a two- to threefold increase with an 
increased intensity of the response. This con¬ 


firms the common finding that antibodies to 
allergens are to a large extent produced at 
primary and secondary school age. 

Radiography was not found to be very 
useful in differentiating between children with 
and without respiratory symptoms. This find* 
ing is in accordance with that reported by 
Simon et al. (45). These investigators observed 
marked radiological changes only in children 
with severe or moderately severe asthma which 
continued to cause symptoms. 

7.2. PREVALENCE 

The prevalence rates listed in Tables 8, 9a, 
9b , 9c, lOo and 106 are based on the number 
of children of population A which took part 
in the study for a period of five years. The 
reasons for which children did not take part 
or no longer participated in the study are 
staled in section 4.3. These reasons did not 
include asthma, bronchitis or other respiratory 
conditions. Ini Table 20, the prevalence of 
symptoms in the children of population A in 
1968 and 1972 is compared with that of the 
children who dropped out. The prevalence of 
symptoms during the last year in which these 
drop-outs took part in the study was that used 
in the table. The prevalence rates show only 
slight differences; the prevalence of symptoms 
in those who dropped out is slightly lower than 
it is in those who took part for five years. These 
may therefore be regarded as a random sample 
of the children of the two birth cohorts living 
in Hoogvliet and IJsselmonde on October 1, 
1967. The symptom-positive groups include 
those children who satisfy the criteria of 
CNSRD applying to adults. 

As has been mentioned earlier, the effect of 
the symptoms cough for three or more months 
a year and two consecutive months a year on 
pulmonary function is comparable with that of 
cough for three or more consecutive months a 
year. Tables 21 and 22 show the prevalence 
rates for the children of the symptom-positive 
groups when the criterion of cough i (C i) is 
altered from cough for three or more consc- 
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cutivc months a year to cough for three or 
more months a year and/or two or more conse¬ 
cutive months a year. When these criteria are 
applied* prevalence increases by 3-4 percent in 
the two youngest groups and by 1-2 percent 
in the older groups. The percentage of children 
included in one of the symptom-positive groups 
for two or more consecutive years also shows a 
slight increase. The general prevalence pattern, 
however, remains almost unchanged. This would 
not be the case if the symptom “wheezing” 
were to be added as a criterion for classifica¬ 
tion within one of the symptom-positive groups. 
The proportion of children which would then 
be included in these groups is much higher, as 
is shown in Table 23: However, as staled on 
p. 18, “wheezing” may be regarded as a 
secondary symptomi 

Although approximately 50 percent of the 
children of the oldest birth cohort turned out 
to be smokers at 14-16 years of age (Table 24), 
this does not affect the prevalence of symptoms 
in this cohort. 

As stated previously, the increase in the preva¬ 
lence of the symptom-positive groups, which 
occurred in the 12th^-l3th year of life as com¬ 
pared with the previous year, is caused by an 
increase in the symptom dyspnoea on exertioni 
This increase is unlikely to have been due lo 
smoking. 

The prevalence rales determined in the present 
study are comparable only in part with those 
recorded by Knol (29), as this author took the 
recent and previous histories into account in 
calculating prevalence. The prevalence rales 
reported in the present paper were based only 
on recent histories. Comparison with the preva¬ 
lence rates reported by others is not possible 
because of the differences in criteria as has been 
mentioned in the introduction. 

7.3. RELATIONSHIP BETWEEN 
RESPIRATORY SYMPTOMS AND 
EXOGENOUS FACTORS 
7.3.1. Air pollution 

There was no difference between the prevalence 
of respiratory symptoms in Hoogyliet and that 
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in JJsselmonde. The anticipation, based on the 
results of measurements carried out in 1967 and 
previous years, that pollution by sulphur dioxide 
and smoke during the period of investigation 
would be much more marked in Hoogvliet than 
in JJsselmonde was not realized. Therefore, it 
was not possible to determine whether the preva¬ 
lence of prolonged cough or dyspnoea increases 
with the degree of air pollution. 

Studies in> other areas of the Netherlands 
(Westland, Zuid-Beveland) have shown that 
this is actually the case where cough is con¬ 
cerned (6, 27). The problem of short-lived 
respiratory symptoms resulting from air pollu¬ 
tion could not be examined in the present study. 

7.3.2. Social and demographic factors 

It has been reported several times in the litera¬ 
ture that respiratory symptoms become in¬ 
creasingly common in children as they live in 
worse social conditions (10, 11, 17), 

In order to determine the effect of air pollu¬ 
tion under the best possible conditions of life, 
the study was done in districts marked by an 
adequate social level. Section 6.6, shows that 
slight social differences do not affect the preva¬ 
lence of respiratory symptoms. Providing opti¬ 
mum housing is essential to effective treatment 
and prevention of chronic or recurrent respira¬ 
tory symptoms. 

7.3.3. Smoking 

Children of the youngest birth cohort may be 
assumed to be non-smokers. The proportion of 
children of the oldest birth cohort who stated 
in an inquiry that they regularly smoked 
cigarettes was 24 percent in 1970, 51 percent in 
1971 and 57 percent in 1972 (Table 24). As these 
statements were anonymous, the existence of a 
possible correlation between symptoms and 
cigarette smoking could not be examined. How¬ 
ever, our results showed that the overall-preva¬ 
lence of respiratory symptoms did not increase 
at the ages at which regular smoking starts. In 
accordance with the findings reported by Colley 
(14,15) and unlike those reported by a number 
of other investigators, there was no evidence 
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that so-called passive smoking due to parental 
smoking had any appreciable effect on the 
appearance of respiratory symptoms in school- 
children. For a review of the literature on 
smoking and its effects on health in children, 
the reader is referred to Bewley et al. (4) and 
to Appendix V. 

7.3.4. Respiratory symptoms in parents 
There is a definite relationship between respira¬ 
tory symptoms in parents and those in children. 
This finding is also in accordance with that 
reported by Colley (14, 15). 

Smoking may be taken to cause an increase 
in respiratory symptoms in the parents and thus 
indirectly to affect the symptoms in the children. 
However, repealed studies on the subject as 
well as a study of the relative contributions of 
endogenous (genetic) factors (2, 5* 38) and 
exogenous factors are still rcquiredi 

7.4. LONGITUDINAL TREND 

The present study was designed to get an im¬ 
pression of the longitudinal trend of symptoms 
of CNSRD in each child on the basis of particu¬ 
lar features. As was apparent from section 6.2.2, 
the symptoms will merely cause a slight average 
decrease in pulmonary function and the mean 
pulmonary function values usually are within 
two standard errors of the normal mean values. 
This means that the pulmonary function para¬ 
meters adopted (FEV,.* FEV,. # %) are less 
useful in estimating the trend in each individual 
than are the symptoms. This also holds true 
for the histamine thresholds skin allergy and 
X-rays. 

Very few children were found to have shown 
a particular symptom for more than two years 
or to have belonged to one of the symptom¬ 
positive groups for more than two years. Table 
25, however, shows that the respiratory symp¬ 
toms in a large proportion of these children 
were less marked in other years. It would there¬ 
fore appear to be justifiable in principle to 
regard schoolchildren in whom symptoms of 
prolonged cough or dyspnoea occur, even if 


only incidentally, as individuals with “chronic” 
respiratory disease (which does not imply that 
this actually is the case with all of these children). 

in this context, “chronic” only means that the 
symptoms recur but does not say anything of 
the frequency and severity of these symptoms. 
Although it could be of importance to deter¬ 
mine these for reasons of prognosis (42), this 
cannot be done with the questionnaire used. 

In the population studied, therefore, only 
qualitative measurements of respiratory symp¬ 
toms were carried out. Only studies in popula¬ 
tions followed from childhood up to adult life 
will be able to show whether any prognostic 
value can be attached to these measurements. 
Studies by Colley (12, 13) suggest that this is 
the case. As the period for which the popula¬ 
tions were followed was only five years, it is 
not possible to form an opinion on this sub¬ 
ject as a result of the present study. 

On the other hand, efforts were made to gain 
an impression of the extent to which the 
previous history is an important factor in the 
symptom pattern during the period of investiga¬ 
tion. For this purpose, the number of times that 
questions on the previous history were answered 
in the affirmative or in the negative was studied 
with regard to the symptoms “cough for three 
or more months a year”, “cough for three or 
more consecutive months a year”, “cough for 
two consecutive months a year”, “cough for 
one consecutive month a year”, “dyspnoea on 
exertion”, “asthmatic attacks” and “rhinitis”. 

For each of the above symptoms and for 
eight questions referring to the previous history, 
the percentage of children answering in the 
affirmative was divided by that answering in the 
negative. This quotient represents the relative 
risk that a symptom which occurred in the 
previous history will recur in the recent history 
(7). All of this is included in Table 26 which 
shows that respiratory symptoms at a young age 
involve an obvious risk of recurring later in life. 

As stated in the introduction, a justifiable 
opinion on the future course of a “chronic” 
respiratory condition in the individual child 
usually cannot be formed. From the point of 
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view of prevention^ it would therefore seem 
advisable to consider symptoms such as pro¬ 
longed cough or dyspnoea (regardless of their 
severity or frequency) in all schoolchildren as 
potential “risks” of CNSRD in adult life. 

This implies that adverse exogenous factors 
should be avoided wherever possible and that 
symptoms should be treated by the best pos¬ 
sible method. This means in practice: 

(1) Prompt treatment of bronchial obstruc¬ 
tion and respiratory infections, if necessary 
daily drug treatment and physical therapy. 

(2) Prevention of bronchial obstruction and 
respiratory infection by avoiding exogenous 
factors known to be liable to cause symptoms in 
a particular individual. 

(3) Improving housing and adverse social and 
psycholbgical conditions. 


(4) Preventing the children from smoking by 
personal counseling and health education: 

(5) Vocational guidance, counseling on habits 
of life, etc., if required. 

(6) Measles and influenza vaccination. 

Controlled screening of children with “chron¬ 
ic” respiratory disease at primary and secondary 
schools by the school health officer would be 
advisable. This can be done by using a simple 
questionnaire. Experience elsewhere (27) showed 
that a brief questionnaire completed by the 
parents at home will usually serve the pur¬ 
pose. 

Attending physicians (general practitioners 
as well as specialists) should be more keenly 
aware of the need for “preventive treatment” 
than they are today. 
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APPENDIX I. QUESTIONNAIRE 


Text Questionnaire 


1968“ 1969-1972* 

Question Question 
number number 


I, Cough 

Did your child usually cough 
when getting up in the winter? 
(Usually: that is about 5 days 
a week.) (Exclude clearing 
throat or a single cough.) 

Did your child usually cough 
during the day or at night 
in winter? 

Did your child usuatly cough 
when getting up in the summer? 
(Usually: that is about'5 days 
a week.) (Exclude clearing 
throat or a single cough.) 

Did your child usually cough 
during the day or at night 
in summer? 

Did your child cough tike this 
on most days for as much as 
three or more month a year? 

Did your child cough like this 


1968“ 1969-1972* 

Question Question 
number number 


Did your child usually bring 8 — 

up phlegm in winter during the 
day or at night? 

Did your child bring up phlegm 9 13 

like this on most days, for as 
much as three months a year? 

At what age did your child 10 — 

start bringing up phlegm? 

Did your child in the previous 11 — 

two years have a period of an 
increase in cough and phligm 
lasting for three weeks or more? 

(U&e this formulation for 
children who usually cough 
and bring up phlegm.) 

If “yes” has been answered to 
this question: 

Did your child have such a 12 — 

period more than once? 


on most days in winter, for as 
much as three or more 
consecutive months? 


Did your child cough tike this — 7 

on most days in winter, for as 
much as two consecutive months? 

Did your child cough like this — 8 

on most days in winter for as 
much as one consecutive month? 

Did your child cough like this 5 9 

on most days in summer for as 
muchas three or more consecu¬ 
tive months? 

Did your child cough like this — 10 

on most days in summer for as 
much as two consecutive months? 

Did your child cough like this — 11 

on most days in summer for as 
much as one consecutive month? 


At w'hal age did your child 6 — 

stan coughing? 

Did your child ever have — 12 

periods of cough for as much as 
three consecutive months in the 
previous years? 

II. Phlegm 

Did your child usually bring 7 - 

up phlegm when getting up 
in winter? 


111. Dyspitoea 



Put ”1” in square if the child 
is disabled from walking by any 
condition other than lung disease. 

13 

14 

Has your child ever been 
troubled by shortness of breath 
when cycling against the 
wind or running? 

14 


Has your child ever been 
troubled by shortness of breath 
when playing outdoors or 
walking up a staircase? 

15 


Has your child regularly been 
troubled by shortness of breath 
when playing outdoors or 
walking up a staircase? 

16 


Did your child have to stop 
regularly because of breath* 
lessness and sit down when 
playing outdoors or walking 
up a staircase? 

17 


Has your child ever been 
troubled by shortness of breath 
when playing outdoors or 
walking up a staircase in winter? 


15 

Has your child regularly been 
troubled by shortness of breath 
when playing outdoors or 
walking up a staircase in winter? 


16 
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Text Questionnaire (continued) 

1968° 1969-1972* 

Question Question 
number number 

Did your child have to stop — 17 

regularly because of breath* 
lessness and sit down when 
playing outdoors or walking 


1968° 1969-1972* 

Question Question 
number number 

When resting, did your child — 27 

ever Have attacks of shortness 
of breath with wheezing (asth¬ 
matic attacks) in winter? 


up a staircase in winter? 

Has your child ever been — 18 

troubled by shortness of breath 

when playing outdoors or 

walking up a staircase in 

summer? 

Has your child regularly been — J9 

troubled by shortness of breath 
when playing outdoors or walking 
up a staircase in summer? 

Did your child have to stop — 20 

regularly because of breath¬ 
lessness and sit down when 
playing outdoors or walking 
up a staircase in summer? 

Has your child ever been troubled — 21 

by shortness of breath when 
playing outdoors or walking up 
a staircase in the previous years? 

At what age did you notice for 18 22 

the first time the breathlessness 
of your child? 

(Accept "around this age” ) 

IV. Wheezing 

Did your child ever wheeze in 19 — 

the previous years? 

Did your child ever wheeze — 23 

during the past winter? 

Did your child w heeze most — 24 

days or nights in winter? 

Did your child wheeze two 20 — 

times or more? (If "no” proceed 

to "V Asthmatic attucks ”, 

if "yes” proceed to the next 

question.) 

Docs your child wheeze most 21 — 

days or nights? 

Did your child ever wheeze — 25 

during the past summer? 

Did your child wheeze most — 26 

days or nights in summer? 

Does your child wheeze all 22 — 

days or nights? 

At what age did your child 23 — 

'Stan wheezing? 

V. Asthmatic attack* 

When resting, did your child 24 — 

ever have attacks of shortness 
of breath with wheezing 
(asthmatic attacks)? 


When resting, did your child — 28 

ever have attacks of shortness 
of breath with wheezing (asth¬ 
matic attacks) in winter in the 
previous years? 

When resting, did your child — 29 

ever have attacks of shortness 
of breath with wheezing (asth¬ 
matic attacks) in summer? 

When resting, did your child — 30 

ever have attacks of shortness 
of breath with wheezing (asth¬ 
matic attacks) in summer in the 
previous years? (If “no” 
proceed to "VI Masai 
catarrh”* if “yes” 
proceed to the next question:) 

At what age did your child 25 31 

first have these attacks? 

(Accept "around this age”.) 

At what age did your child 26 32 

last have these attacks? 

(Accept "around this age”.) 

Is your child ever short of 27 — 

breath when resting? 

VI. Masai catarrh 

Did your child ever have a — 33 

stuffy or a running nose? 

Has your child usually been 29 — 

troubled by a stuffy nose or 
nasal catarrh? 

Have these troubles been 30 — 

present on most days for as 
much as three or more consecutive 
months? a. in winter; 
b. in summer. 

Has your child usually — 34 

been troubled by a stuffy 
nose or nasal catarrh in 
the past winter? 

Have these troubles been — 35 

present on most days for as 
much as three or more consecutive 
months in winter? 

Have these troubles been — 36 

present on most days for as 
much as two consecutive 
months in winter? 

Have these troubles been — 37 

present on most days for as 
much as one month in winter? 
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Text Questionnaire (continued) 


1968° 1969-1972* 

Question Question 
number number 


Has your child usually been — 38 

troubled by a stuffy nose or 
nasal catarrh in the past 
summer? 

Have these troubles been — 39 

present on most days for as 
much as three or more consecutive 
months in summer? 

Have these troubles been — 40 

present on most days for as 
much as two consecutive 
months in summer? 


1968° 1969-1972* 

Question Question 
number number 


Have these troubles been — 41 

present on most days for as 
much as one consecutive month in 
summer? 


VII. Previous diseases 


Did your child ever have: 

36 

47 

Eczema? 

36a 

47 a 

The tonsils removed? 

36* 

47* 

Attacks of bronchitis or asthma? 

36 A 

47 A 

Periods of cough? 

36 i 

47/ 

Pneumonia? 

36/ 

47/ 


I 


I! 
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APPENDIX III. OBSERVER’S ERRORS 


Several investigations have been carried out on 
the comparability of medical histories taken by 
various interviewers in an epidemiological 
study. 

Cochrane and Chapman (1) differentiate be¬ 
tween two potential types of error: 

1. Inter-observer's errors: errors appearing 
as differences between the results obtained by 
investigators. 

2. Intra-observer’s errors: errors appearing 
when the results obtained by a particular inter¬ 
viewer are different when he repeats his study 
in the same individuals. This is due, among 
other things, to the fact that one interview may 
affect the answers given during another inter¬ 
view. Kinsey el at. (4) therefore recommend an 
interval of at least eight months between two 
interviews of the same subject. 

Cochrane and Chapman (!) had various 
interviewers question a large number of miners 
on respiratory and other symptoms. A stand* 
ardized questionnaire was not used in this case, 
although efforts were made to standardize the 
technique of interviewing wherever possible in 
the surveyr 

The results obtained by the interviewers 
showed marked differences as regards the symp¬ 
toms cough, pain in the chest and dyspepsia. 
The answers to those questions which had previ¬ 
ously been discussed and standardized by the 
interviewers among themselves (such as the 
question on exertional dyspnoea) showed less 
disagreement between the interviewers. 

it is concluded by these authors that careful 
standardization of questions is a condition 
essential to obtaining comparable results. 

Schilling et al. (6) studied medical history¬ 
taking and physical examination by two physi¬ 
cians who look turns in examining one half of a 
group of individuals at a four-month interval. 
They observed significant differences between 
the results obtained by the two investigators 

>-762889 


concerning the results of physical examination 
and those of history-taking. They believe the 
differences in the results of history-taking to 
have been due to the following factors: 

1. A difference in the answers given to the 
same question by the interviewee. 

2. The fact that the answer given was in¬ 
fluenced by the interviewer. 

3. Different interpretations of the same answer 
by different interviewers. (Standardization of 
answers does not ensure standardization of 
interpretation.) 

Fair bairn, Wood and Fletcher (2) believe that 
the initial stages of chronic bronchitis can only 
be recognized by the medical history. If the 
epidemiology of chronic bronchitis is to be 
studied, the results of various investigations 
will have to be comparable. Where medical 
histories are concerned, comparison will be 
possible only when a standardized question¬ 
naire is used. The authors carried out a survey 
in which a standardized questionnaire was 
employed by six different investigators: three 
physicians and three health visitors distributed 
al random over the interviewees. This made it 
possible lo compare the physicians and health 
visitors as groups and as individual investigators. 
The interviews were recorded on tapes and 
played back later. The subjects interviewed were 
postmen and women sorters in London. They 
were unselected; their ages ranged from forty to 
fifty-nine. 

Two interviews were conducted at an interval 
of at least four weeks. Care was taken to prevent 
the interviewee from being interviewed twice 
by the same person. In four questions, there were 
significant differences among the physicians on 
the one hand and the health visitors on the 
other. 

Jn thirteen questions, there were significant 
individual differences among the results. Of 
these, four were due to differences among the 
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physicians; the other nine were due to differences 
among the health visitors. 

The differences concern only affirmative 
answers. 

Among others, these differences were due to 
the following causes: 

(1) The same interviewees gave different 
answers to questions put in the same way by 
the two interviewers. 

(2) The health visitors as a group more often 
rated vague answers as positive than did the 
physicians as a group. 

(3) When a question was answered in the 
negative, some interviewers asked questions 
which they should not have asked according to 
the protocol. 

(4) The results suggested that questions which 
were not put clearly were occasionally answered 
in the affirmative, even though they had not 
been properly understood. 

(5) The speed with which the interview was 
conducted influenced the number of affirmative 
answers, particularly the answers to questions 
on the previous history of disease. 

(6) in a number of cases, the question stipu¬ 
lated was asked in a different (suggestive) 
manner. 

(This mistake was made particularly when the 
question was formulated in such a way that it 
was not easy to ask it in a natural manner). 

(7) In three per cent of the cases, incorrect 
recording by the interviewer was the cause of 
the differences. 

Causes of 149 differences in results 
in nine questions 


Cause 

Number 

Percentage 

Interviewer 

93 

62 

Interviewee 

32 

21 

Question 

- 24 

16 


149 

100 


The differences were caused by the inter¬ 
viewers in 62 per cent of the cases; this was 
mainly due to the fact that they did not stick 
to the literal wording of the questions. As a re- 
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suit, an unduly large number of affirmative i 
answers was obtained. I 

The difference between the two most expert- I 
enced interviewers was as large as that between 
any other pair of interviewers. 

Several investigators (3) (5) (7) are engaged 
in developing other methods of medical history^ 
taking. The most recent procedure is a question- j 
naire controlled by a computer. ( 

Questions appear on a screen; the inter- j 
vie wee selects one of four numbered answers: ~ 
yes, no, 1 don’t know, 1 don’t understand. He 
presses the corresponding button and^ depending 
on his answer, the computer will either proceed 
to the following general question or cause a j 
more detailed question on the same subject or i 
some further explanation to appear on the 
screen. This basic technique is currently being 
developed to a further extent; among others, by 
improving understanding and co-operation on 
the part of the interviewees. In the Mayo Clinic, 
for instance, the questions are illustrated by 
drawings. These methods may improve the 
possibilities of standardization. The answers are 
immediately ready for processing in the com¬ 
puter. Drawbacks are the considerable expense, 
the fact that only a limited number of individuals 
can ben “interviewed” at the same time as well 
as the fact that errors cannot be traced to their 
source later on. 
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APPENDIX HI. HISTAMINE THRESHOLD AND INITIAL 
PULMONARY FUNCTION 


INTRODUCTION 

Many stimuli having a local action (pharma¬ 
cological, physical, allergic stimuli) may cause 
swelling of the mucosa, hypersecretion and 
contraction of the smooth muscle tissues in the 
bronchi. The degree of “reactivity” will vary 
from one individual to another. The histamine 
threshold or acetylcholine threshold (the lowest 
concentration of histamine or acetylcholine 
resulting in a decrease of >15 per cent of the 
vital capacity, or the one-second forced expira¬ 
tory volume, or other measures of bronchial 
obstruction) are often adopted as parameters of 
this reactivity (3). 

De Vries (4V pointed out that initial pulmo¬ 
nary function (measured as the one-second forced 
expiratory volume) and the histamine threshold 
are not independent of one another. He posed 
the question whether the histamine threshold 
may be regarded as a correct parameter of reac¬ 
tivity or whether it merely is an indirect measure 
of bronchial obstruction. He concluded that, 
rather than the histamine threshold as such, an 
index derived from it, the so-called reactivity 



Fig. /. Relationship between FEVj/FEV»<e>and histamine 
threshold. 


score might provide a superior parameter of bron¬ 
chial reactivity. 

Cade and Pain (I) observed no relationship 
between the acetylcholine threshold and initial 
pulmonary function in asthmatic patients free 
of symptoms. During a symptom-free interval, 
the acetylcholine threshold was found to be 
constant over a period of a few weeks. 


METHODS 

The relationship between the histamine threshold 
(3) and the pulmonary function values one- 
second forced expiratory volume (FEVj)^ 
peak expiratory flow (PEF) and vital capacity 
(VC) was studied in children with chronic 
nonspecific respiratory disease who attended 
the outpatient department for respiratory dis¬ 
eases of the Sophia Children’s Hospital and 
in children who took part in the population 
survey. Follow-up studies were done in these 
children to determine whether any trend of the 
histamine threshold values in a particular child 
is reflected in a similar trend of the pulmonary 



Fig. 2. Various relationships between pulmonary function 
and histamine threshold. 
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Tabic 1. Correlation between histamine threshold and initial pulmonary function in children with 
chronic nonspecific respiratory disease 


Histamine 

threshold 

(mg/ml) 

FEV,/FEV 11e ,« 

vc/vc (E « 

pef/pef 1E) « 

Mean 

value 

Number 

examined 

Mean 

value 

Number 

examined 

Mean 

value 

Number 

examined 

2 

0.77 

12 

0.97 

12 

0.93 

13 

4 

0.85 

18 

1.03 

18 

0.97 

]] 

8 

0 90 

7 

0.99 

7 

0.96 

8 

16 

1.02 

2 

1.12 

2 

1.06 

2 

: 32 

0.93 

ll 

0:96 

11 

1.18 

18 


* <E)*- height-adjusted mean value according to Polgar (2). 


function values during the successive tests per^ 
formed in that child. This was accomplished as 
follows. A score also used in Kendall’s rank 
correlation test was calculated for each child 
per height-adjusted pulmonary function. For the 
relationship between the histamine threshold 
and FEVj/FEV 1iE ,., for instance, the following 
procedure was adopted: 

Initially, those children in whom both the 
histamine threshold and the FEW l had been 
determined in more than one study were selected. 
All tests performed in these children were com¬ 
pared in pairs. When two tests are performed, 
one paired comparison is possible (1—2, 1—3, 
2—3); when four tests are performed, six paired 
comparisons are possible, etc. A partial score 
which may assume the values - I, 0 or HI, is 
added to each paired comparison. This partial 
score is calculated as follows: 

Histamine threshold higher in second test 
than in first test, FEVJFEV,^, being also 
higher: I 1. 

Histamine threshold higher in second test 
than in first test but FEV,/FEV 1{E> lower: 
than in first but FEV t /FEV* lE) lower: -1. 

Histamine threshold lower in second test than 
in first lest but fEVJFEV,,^ higher: -1. 


1 FEV\/FEV ue> means: one-second forced expiratory 
volume divided by the height-adjusted mean one-second 
forced expiratory volume. 

PEF/PEF, e> and VC7VC« E , have a similar meaning. 
The height-adjusted mean values arc according to 
Polgar (2). 
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Histamine threshold lower in second test than 
in first test, FEV 14> /FEV i e exp. also lower: -FI. 

Histamine threshold and/or FEVjVFEV^ 
exp. equal in the two tests: 0. 

For this purpose, the histamine thresholds 
were classified into the following groups: 

^4, 8, 16 and >32 mg/ml. Two values of 
FEV, „/FEV 10 exp. were regarded as being 
different as soon as they were unequal. 
Although a difference of two values, ranging 
from +5 per cent to -5 per cent; does not 
necessarily mean that there is an actual dif¬ 
ference but may be due to variability in the 
measuring technique, every difference was re¬ 
garded as an actual difference in calculating the 
partial score. A longitudinal relationship, if < 
any, will thus be more likely to be detected than 
it will when values differing from each other by 
less than 5 per cent are considered to be equal. 

The total score of a child for the relationship 


Table 2. Correlation between histamine threshold 
and initial pulmonary function in a random pop¬ 
ulation of 11-year-old boys and girls 


Histamine 

threshold 

(mg/ml) 

FEV,/ 

fev UE) - 

Mean value 

vc/vc, EI 

Mean value 

Number 

examined 

^ 4 

0.85 

0.96 

6 

8 

0.86 

0.90 

16 

16 

0.94 

0.96 

7 

32 

0.93 

0.95 

32 


* See Tabic li 
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between the histamine threshold and FEV,/ 
FEV ltE , exp. then will be the sum of the partial 
scores of all paired comparisons. When two 
tests have been performed in a child, the total 
score may therefore assume the values +1, 0 or 
-I. When three tests have been performed, the 
total score may assume all the values from —3 
up to and including +3, and it may assume all 
the values from —6 up to and including +6 in 
the event of four tests. 

The same method was used in calculating the 
total scores of each child for the relationship 
between the histamine threshold and the VC/ 
VC (E , exp. and, if determined, for the relation¬ 
ship between the histamine threshold and the 
PEF/PEF ie >. 

RESULTS 

(1) Transversal study 

Tables I and 2 show the mean initial pulmonary 
function values for each histamine threshold. 
There is a linear relationship between the intial 
value of FEV,/FEV,< E) or PEF/PEF< e > and 
the 2 logarithm of the histamine threshold, 
which is significant at the 5 per cent level 
test. This means that, starting from the null 
hypothesis that there is no relationship between 
the initial pulmonary function value and the 
histamine threshold, the likelihood that there 
is a linear trend such as that present in this case 
or that there is an even more marked linear 
trend will be smaller than or equal to 5 per cent. 
Therefore, the null hypothesis at a 5 per cent 
level has to be rejected. There is no such rela¬ 
tionship between the VC and the histamine 
threshold. 

(2) Longitudinal study 

The total scores per pulmonary function para¬ 
meter for a number of the children listed in 
Tables I and 2 as well as for a number of other 
children are shown in Tables 3 and 4. In a large 
number of cases, this total score is found to be 
nil. As is shown by Tables 5 and 6, this is 
usually due to the fact that the value of the 
histamine threshold is identical in all studies. 
Therefore, it could not be concluded from these 


Table 3. Scores of histamine thresholds and initial 
pulmonary functions at repealed examinations, 
children with CNSRD, number of children 


Score 

Number of examinations 

2 3 4 

FEVJFEVjje* 

-f 6 
+ 5 
+ 4 



+ 3 


1 1 

+ 2 


7 

+1 

4 

1 

0 

13 

19 

-I 

9 


-2 

-3 

-4 

-5 

-6 


2 

Total number 

of children 

vc/vc tE * 

+ 6 
*5 
+ 4 

26 

30 10 

h3 


2 

+ 2 


8 1 

H 

6 

2 

0 

14 

17 7 

-1 

6 

1 

- 2 
-3 

— 4 
-5 
-6 


2 

Total number 

of children 

pef/pef (EI * 

r 6 

+ 5 

*»-4 
*t 3 

•t-T 

26 

30 10 

+ 1 

14 


0 

17 

1 

-1 

16 

1 

-2 


1 

-3 
-4 
— 5 
-6 


1 

Total number 

of children 

47 

3 1 


• See Tabic 1. 


findings that* as a rule, the trend of the his¬ 
tamine thresholds is identical with a similar 
trend of pulmonary function values during 
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Tabic 4. Scores of histamine thresholds and initial successive studies. This similarity was therefore 


pulmonary functions at repeated examinations 
in a random population of boys and girfs y 11-13 
years of age , number of children 

Number of examinations 


examined with regard to the VC and FEVj in 
twenty and with regard to the PEFin twenty-two 
children. The results are listed in Table 7. These 
show that there is usually an adequate relation¬ 
ship between the trend of pulmonary function 
values and that of the histamine threshold values 
in the children studied: 


FEV./F EV J(E * 


Total number 
of children 

VC/VC, E * 

+ 6 


* See Table 1. 
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COMMENT AND CONCLUSIONS 

Though significant, the relationship between 
the initial values of the FEV,/FEV 1(B) or PEF/ 
PEF <£) exp. and the initial value of the histamine 
threshold is rather weak. This is also apparent 
from Figure 1 in which the initial values of the 
FEV^FEVj,*) of a number of children who took 
part in the population survey have been plotted 
against their histamine thresholds. When the 
histamine threshold of a child is given, the F EVJ 
FEV, tB , cannot be even approximately predicted, 
nor can the histamine threshold of a child be 

Table 5. Number of children examined twice and 
scoring 0, CNSRD 


+ 1 

5 


3 




0 

15 

8 

18 


Histamine 


-1 

3 




threshold 

Number 

-2 



2 




-3 

-4 




FEV./FEV,,*,' 



-5 




Higher 

Equal 

8 

6 




Equal! 

Higher 






Equal 

Equal 


Total number 




Equal 

Lower 


of children 

23 

10 

28 

Lower 

Equal 

5 





Total 


13 

pef/pef, ki * 






t 

+ 6 




vc/vOe* 


t 

+ 5 




Higher 

Equal 

6 

‘4 




Equal 

Higher 


+ 3 


1 


Equal 

Equal 

1 1 

-i 2 


4 

1 

Equal 

Lower 

1 | 

+ 1 

5 

2 


Lower 

Equal 

6 

0 

22 

10 

3 

Total 


1 

14 

-1: 

5 


1 




-2 

-3 


2 


PEF/PEF^* 


1 

-4 




Higher 

Equal 

10 | 

-5 




Equal 

Higher 


— 6 




Equal 

Equal 

1 





Equal 

Lower 


Total number 




Lower 

Equal 

7 

of children 

32 

19 

5 

Total 


17 


• See Table I. 
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Tabic 6. Number of children examined twice and 
scoring 0, selected at random 



Histamine 

threshold 

Number 

FEV^FEV,** 

Higher 

Equal 

9 

Equal 

Higher 


Equal 

Equal 

1 

Equal 

Lower 


Lower 

Equal 

5 

Total number 


15 

vc,vc IE * 

Higher 

Equal 

8 

Equal 

Higher 


Equal 

Equal 


Equal 

Lower 


Lower 

Equal 

7 

Total number 


15 

PEF/PEF lE * 

Higher 

Equal 

10 

Equal 

Higher 


Equal 

Equal 

1 

Equal 

Lower 

1 

Lower 

Equal 

10 

Total number 


22 


* Sec Tabic I. 


predicted when its FEVJFEV,,^ is known. The 
weakness of the relationship between the two 
quantities is also illustrated in the value for the 
coefficient of correlation of the FEV,/FEV 1(E( 
and 2 log of the histamine threshold; viz., 0.32. 


39 

As is shown in a number of children in Figure 2, 
a child showing a histamine threshold which is 
twice or four times as high in a follow-up study 
as it was in the initial test may yet show a much 
lower FEV,/FEV, iE) or PEF/PEF <e , and vice 
versa in the second study. Table 7 shows that the 
trend of the FEV,/FEV 1(E) was the reverse of 
that of the histamine threshold in eight out of 
twenty children and that the trend of the PEF/ 
PEF (E) was the reverse of the histamine thres¬ 
hold in six out of twenty-two children, it would 
therefore appear justifiable to conclude that the 
histamine thieshold value and the pulmonary 
function values measured in this study were 
mainly determined by different factors. 
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Table 7. Pulmonary function at first and second histamine threshold , children with CNSRD {num¬ 
ber of children ) 



First histamine threshold compared with second 
histamine threshold 




vc/vc*/ 

FEV 1 /FEV„ e ,« 

PF/PF, e ,* 



Higher Equal Lower 

Higher Equal Lower 

Higher Equal 

Lower 

First histamine threshold 
at least 2 steps lower 
than second threshold 

6 0 3 

4 0 5 

4 0 

8 

First histamine threshold 
at least 2 steps higher 
than second threshold 

8 1 2 

7 0 4 

7 1 

2 


• See Tabic 1. 
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APPENDIX IV. AIR POLLUTION AND RESPIRATORY DISEASE 


1. INTRODUCTION 

There is no consensus regarding the importance 
of air pollution as a factor in the patho¬ 
genesis and course of respiratory disease. A 
large number of investigators believe, however, 
that air pollution has an adverse effect: 

Pollution of the outdoor air may be caused 

b y ; , 

(!) Reducing substances. These mainly consist 
of sulphur compounds (sulphur dioxide, suh 
phuric acid and sulphates), smoke and soot: 
Reducing substances are believed to be the most 
injurious to health. 

(2) Oxidizing substances. These mainly con¬ 
sist of hydrocarbons, nitrous oxide and photo¬ 
chemical reaction products (ozone, aldehydes, 
ketones). Sunlight is required as a catalyst to 
produce these last-named substances. Oxidizing 
substances cause irritation of the mucosae of 
the eyes, nose and throat in susceptible indi¬ 
viduals. Although they may induce symptoms 
in subject with chronic respiratory disease, 
they apparently affect morbidity and mortality to 
a lesser extent than do reducing substances. 

The air inhaled will be polluted, for instance, 
by indoor factors under particular conditions 
of work, when the discharge of products of 
combustion in houses is inadequate and as a 
result of smoking. Studies on the effects of 
short- and long-term exposure to polluted air 
on the respiratory system is numerous. 

The present authors confine themselves to the 
most important studies on the subject. For a 
comprehensive review of the literature, readers 
are referred to the Air Pollution Abstracts 
(published by the National Air Pollution 
Control Association) and Environmental Health 
published by Excerpta Medica. 

The following abbreviations have been em¬ 
ployed in the present paper: 
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PEF —peak (expiratory) flow 
(F)VC -(■ forced) vital capacity 
FEV^ “one second forced expiratory volume 
FEV 0 75 — identical with FEV,* but 0.75 see 
instead of one second. 

2. STUDIES ON THE SHORT-TERM 
EFFECTS OF AIR POLLUTION 

2.1. In children 

Anderson and Larsen (1) studied nonattendance 
and the incidence of respiratory disease in 
children in the first form of the primary schools 
in three localities in British Columbia for a 
period of six monsths. Two of these localities 
were adjoining residential areas situated under 
the smoke of an industry; the third was a non¬ 
industrial residential area which was chosen 
because its climate was comparable with that 
of the other two. Studies were made to deter¬ 
mine whether the incidence of respiratory 
disease was higher in the two first-named 
areas. There was no significant difference in 
school absences among the three residential 
areas but respiratory infections and other forms 
of disease were more common and more 
prolonged in the children living in the polluted 
areas than they were in those living in the 
nonpolluled area; peak flow values were also 
significantly lower in the children living in the 
polluted areas. 

Lunn et ah (20) studied 819 Sheffield infant 
school children living in districts in which the 
degree of air pollution (sulphur dioxide and 
smoke) differed widely. Infections of the upper 
as well as those of the lower respiratory tract 
were found to be more common in the more 
polluted districts. Socioeconomic factors such 
as social class, size of the family and housing 
were of minor importance. Pulmonary function 
parameters (FEV # . 71 and FVC) were not 
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affected by socioeconomic factors or air pollu¬ 
tion, except in the most severely polluted area, 
where these pulmonary function values showed 
a significant decrease. Four years later, follbw-up 
studies were done in 558 of these children at 
the age of 9 (21). Respiratory symptoms were 
less common than they had been four years 
previously and there were no longer any dif¬ 
ferences among the various residential districts. 
These improvements were accompanied by a 
decrease in the overall air pollution level in 
Sheffield and a reduction in the differences in 
air pollution among the districts themselves. 

Cirsh et al. (I I) studied the relationship bet¬ 
ween weather conditions and air pollution on the 
one hand and peaks in the incidence of attacks 
of asthma on the other by recording the number 
of patients with attacks of asthma attending the 
out-patient department of a Philadelphia chil* 
dten's hospital daily for two years. This number 
was three limes as high: on days marked by a 
measurable increase in air pollution (sulphur 
dioxide, nitrous oxide, carbon monoxide and 
soot). Attacks of asthma were four limes as 
common on days marked by a high atmospheric 
pressure as they were on days marked by a low 
atmospheric pressure. During the period of 
investigation, high atmospheric pressure ac¬ 
companied by increased air pollution was present 
on 117 days. The incidence of attacks of asthma 
on these days showed a ninefold increase com¬ 
pared with that on days on which the air was 
cleaner and less stagnant. 

Ferris (9) studied school absences in ap¬ 
proximately 700 first and second graders of 
seven primary schools in Berlin (New Hamp¬ 
shire) over a period of eighteen months. The 
schools were situated in areas in which air 
pollution (sulphur dioxide and smoke) differed 
markedly. Differences in school absence were 
not observed. However, the PEF, FVC and 
FEV, * values measured during the second 
period of investigation were significantly higher 
than were those in children of schools in the 
nonpolluted districts. This was not adequately 
accounted for by differences in social class. The 
author believes that the differences in pulmonary 


function values may have been due to dif¬ 
ferences in air pollution (see also 24). 

Chiaramonte et al. (5) studied 429 children 
attending the emergency room in the children’s 
ward of Long Island College Hospital, New 
York for three weeks, which included a few 
days with a marked increase in air pollution 
(sulphur dioxide). Eighty-three of these children 
showed respiratory conditions; the majority 
were hospitalized during or just after the period 
of air pollution. The number of children admitted 
for obstructive respiratory disease was larger 
during or just after the air pollution peak than 
it was during the other periods. The differences 
were statistically significant. 

McMillan c\ al. (22) studied pulmonary func¬ 
tion in third graders of two primary schools in 
two towns marked by different degrees of air 
pollution (sulphur dioxide, nitrous oxide, soot). 
Pulmonary function values (PEF) were measured 
by a peak-flow meter twice monthly for eleven 
months, invariably at 1 p.m., the time at which 
the concentration of oxidant air pollution was 
believed to be highest. The studies were done to 
examine whether: 

(1) Sudden changes in oxidant air pollution 
are associated with changes in PEF. There was 
no evidence to suggest that this was so. There 
was a constant difference between the mean PEF 
in the children of the two schools but a de¬ 
crease in mean PEF was not associated with 
an increase in air pollution in either or the two 
groups. 

(2) Prolonged exposure to air pollution is 
associated with a permanent decrease in PEF. 
The mean PEF in the children attending the 
school in the most severely polluted area was 
found to be constantly higher than it was in 
those attending the school in the less severely 
polluted area; 

(3) Symptoms of infection of the upper 
respiratory tract are associated with prolonged 
exposure to air pollution. The incidence of 
infection of the upper respiratory tract was 
almost three times as high in children attending 
the school in the less severely polluted area. 
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2.2. In adults 

Lawther cl al. (17) studied the relationship be¬ 
tween respiratory symptoms and air pollution 
in cases of chronic bronchitis in London by 
having the patients record their symptoms every 
day. The sulphur dioxide and smoke concentra¬ 
tions were measured at seven points in Inner 
London; the patients all Jived or worked in 
Greater London. in 1959-1960, a positive rela¬ 
tionship between air pollution and an increase 
in symptoms during the early part of the winter 
was found (November). This relationship was 
no longer present at the end of the winter 
(February). This survey, which was carried out 
for the first time during the winter of 1954 to 
1955, is now being repeated in London every five 
years. 

For a period of six months. Shy et al. (24) 
studied the incidence of acute respiratory disease 
in families having a child attending an elemen¬ 
tary school as a second grader. The studies 
were done in four districts of Greater Chatta¬ 
nooga: one in which air pollution by nitrous 
oxide was very severe, another which was pol¬ 
luted by particles floating high in the air and 
two “clean" areas. More cases of respiratory 
disease were constantly observed in the two 
first-named areas, particularly during the out¬ 
break of influenza A 2. This difference in the 
incidence of acute respiratory disease in the 
various areas could not be accounted for by 
the family constellation or social class. 

As part of a triennial follow-up study of the 
populations of VJagtwedde and Vlaardingen, 
Van der Lende et al. (18) studied the VC and 
FEV t .* in Vlaardingen during a short period of 
increased air pollution in October 1969 and 
compared the findings with those during a 
period of low air pollution. They observed a 
transient decrease in VC and FEV^ during 
this period. These authors conclude that spiro¬ 
metry probably is a more sensitive method than 
medical historyrtaking in measuring the effects 
of air pollution peaks. 


Acta Pmdiatr Scand Sttppl 261 


3. STUDIES ON THE LONG-TERM 
EFFECTS OF AIR POLLUTION 


Douglas and Waller (8) studied 3 866 children 
from birth in 1946 up to the age of 15 (1961). 
These children had been living in 2 689 different 
residential areas since their birth. Each of these 
residential areas was classified into one of four 
categories according to the degree of air pollu¬ 
tion (sulphur dioxide and smoke). The results 
were simple and constant in character: condi¬ 
tions of the upper respiratory tract were not 
affected by the degree of air pollution but the 
incidence and severity of diseases of the lower 
respiratory tract were greater in those areas 
in which air pollution was more severe. This 
correlation was present at every age. There was 
no difference between the sexes or between 
different social classes. 

Biersteker (3) observed no difference between 
the height-adjusted mean peak flow rate in 500 
Rotterdam school children living in a central 
district in which air pollution (sulphur dioxide 
and smoke) was relatively severe and that in 
500 school children living in a nonpolluted 
suburban district. 

Holland et al. (13) studied 10 971 children in 
four Kent districts showing various degrees of air 
pollution (sulphur dioxide and smoke). The 
mean PEF in children living in the most severely 
polluted area was lower than that in children 
living in the less severely polluted areas. This was 
independent of social class, size of the family and 
previous respiratory disease (which also was a 
factor in itself). It is concluded from these 
findings that air pollution probably results in 
changes in the respiratory tract during child¬ 
hood. These changes possibly continue to be 
present throughout life and may contribute to 
the subsequent development in chronic respira¬ 
tory disease. 

Shy et al. (24), who studied second graders in 
four districts of Greater Chattanooga marked 
by different degrees of air pollution (nitrous 
oxide), found the FEV d n to be lower in children 
in the district showing the highest degree of 
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pollution than it was in children living in the 
“clean” control areas. 

Colley and Reid (7) studied over 10000 
6-10-year-old children in various districts of 
England and Wales which showed different 
degrees of air pollution (sulphur dioxide and 
smoke). Previous histories of chronic cough i 
disease of the upper respiratory tract and 
“bronchitis” were more common in the lower 
than they were in the higher social classes. The 
prevalence of chronic cough and disease of the 
upper respiratory tract increased with the local 
degree of air pollution only in the children of 
social classes IV and V (unskilled and semi¬ 
skilled workers). 

Sidtz el al. (26) studied 617 children hospi¬ 
talized for asthma over a period of five years 
and found air pollution to increase the incidence 
and severity of attacks of asthma. 

Zaplctal et al. (27) studied the effect of air 
pollution (sulphur dioxide) on various para¬ 
meters of pulmonary function in Ml children 
showing no respiratory symptoms and who had 
been living in a highly polluted area for at least 
five years. The FVC, FEV 0l7S and FEV l0 were 
within normal limits in all children. Six children 
with a low normal FEV showed a reduced ex¬ 
piratory flow when the vital capacity was low. 
This is indicative of obstruction of the res¬ 
piratory tract. As these children had had no 
recent or previous respiratory disease in so far 
as this could be verified, the authors believe that 
the obstruction of the bronchi may have been 
due to air pollution. 

Shy ct al. (25) studied pulmonary function 
(FEV* 7S ) in children attending primary schools 
in areas marked by high and low degrees of 
air pollution in Cincinatti, Chattanooga and 
New York (suspended particles, sulphur dioxide 
and nitrous oxide). There was a constant rela¬ 
tionship between diminished pulmonary function 
in 5-13-year-old children and exposure to air 
pollution. In Cincinnatti, pulmonary function 
improved during periods of slight air pollution 
but failed to increase to the level of those living 
in areas constantly marked by only a small 
degree of pollution. The findings in 9-13-year- 
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old children in New York showed that exposure 
to high degrees of air pollution in early child¬ 
hood for periods ranging from five to ten years 
may result in a prolonged decrease in FEV 0 74 . 

In Chattanooga, the effect of exposure to an 
increased concentration of nitrous oxide for a 
period varying from two to three years was not 
measurable to any appreciable extent. 

Grosse ct al. (12) studied the relationship 
between air pollution and pulmonary function 
in I 930 school children in two towns in the 
German Democratic Republic showing different 
degrees of air pollution (sulphur dioxide and 
smoke) in 1970. Children living in the most 
highly polluted area usually showed a decrease 
in VC and FEV values. 

As part of the Euro 3114 project of the WHO 
in Copenhagen, Kerrebijn and Biersteker (15) 
did a study on children in the Westland area of 
the Netherlands. Here, there is a high degree of 
exposure to sulphur dioxide as a result of the 
fact that a large number of hothouses are heated 
with sulphurous oil. The results were compared 
with those obtained in children living in an 
area in which exposure to sulphur dioxide is 
low. About 2 400 children of the fourth and 
fifth forms of the primary school in the two 
areas, participated in the study which took 
place in the spring and early summer of 1973. 
The findings showed that the symptoms wheezing 
and rhinnorrhoea and the appearance of bron¬ 
chitis or pneumonia were commoner in the 
polluted areas. The mean FEV 0 . 7i and FVC 
were also found to be lower in the polluted 
districts. 

3 . 2 . in adults 

Oshima et al. (23) studied the effect of air 
pollution (sulphur dioxide) on the respiratory 
tracts of Japanese subjects in an area marked 
by a relatively low degree of pollution (Niigata) 
and compared this effect with that in a similar 
population group in an area showing a high 
degree of pollution (Tokyo, Yokohama). Pul¬ 
monary function tests were performed (FVC 
and FEVj^); 2 765 subjects took part in this 
study. The inhabitants of Tokyo and Yoko- 
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hama produced larger quantities of sputum and 
more frequently showed chronic cough and 
irritation of the throat. Of these, cigarette 
smokers and subjects having previous histories 
of allergy showed the largest number of symp¬ 
toms. The mean FVC was lower in the inhabi¬ 
tants of this area than it was in the inhabitants 
of Niigata, and this was particularly so in those 
who had been living in Tokyo and Yokohama 
for a considerable period. 

Holland and Reid (14) studied the incidence 
of respiratory symptoms, sputum production 
and pulmonary function (FEV,.. e and PEF) in 
the drivers of mail and delivery vans in the city 
of London and the towns of Gloucester, Peter¬ 
borough and Norwich. Particularly from the 
age of fifty, symptoms were more common 
and more severe in the Londoners; they produced 
larger average quantities of sputum and showed 
lower mean pulmonary function values. There 
was a definite relationship between personal 
smoking habits and the incidence and severity 
of the symptoms in each population studied. 
However, the difference between urban and 
rural smoking habits failed to account for the 
higher incidence or respiratory symptoms in 
London. It is concluded by the authors that this 
higher incidence of symptoms was due mainly to 
the difference in air pollution (sulphur dioxide) 
between central London and the three country 
towns. 

Biersteker (2) examined I 000 Rotterdam 
municipal officers for symptoms or bronchitis. 
He observed a number of subjects showing 
bronchitis; the number increased with age. 
Those affected with bronchitis smoked a 
significantly larger number of cigarettes than 
did those fret of bronchitis. The average 
period for which they had been living in Rotter¬ 
dam (adopted as a measure of exposure to air 
pollution) did not differ in those with and those 
without symptoms. 

Lambert and Reid (16) studied the incidence 
of respiratory disease in 9 975 men and women 
in the 35-69 year range using a postal question¬ 
naire. Chronic respiratory symptoms were found 
to be more common in smokers and to increase 
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with age. Men showed symptoms more fre¬ 
quently than women (both smokers and non- 
smokers). The differences between urban and 
rural areas were not solely accounted for by 
differences in smoking habits. Air pollution 
(sulphur dioxide and smoke), however, appar¬ 
ently did not affect nonsmokers to an appreci¬ 
able extents There seems to be an interaction 
between smoking and air pollution, resulting in 
an increased prevalence of respiratory disease 
in smokers living in highly polluted areas. This 
becomes particularly apparent with increasing 
age. 

Cohen et al. (6) studied the incidence of 
cough, sputum production and a number of 
pulmonary function parameters in two com¬ 
parable groups of nonsmoking adults perma¬ 
nently exposed to identical mean but different 
peak degrees of air pollution (sulphur dioxide, 
nitrates, sulphates). There were no significant 
differences between the two groups. 

Ferris et al. (10) reported the results of a 
follow-up study of adults in Berlin, New Hamp¬ 
shire, in 1961 and 1967 . Even when the effects 
of ageing and changes in smoking habits were 
taken into account, cases of respiratory disease 
were found to be less common in 1967. The 
fact that the average results of pulmonary 
function studies (FVC and FEV,„) in 1967 
were superior to those obtained in 1961 was in 
accordance with this finding. Air pollution 
(sulphur dioxide and soot) was less marked 
in 1967 than it was in 1961. The authors believe 
that this accounts for the decrease in the inci¬ 
dence of respiratory disease and the improvement 
in pulmonary function values. 

Since \96S t Van der Lende et al: (19) have been 
doing comparative follow-up studies on the 
incidence of chronic nonspecific respiratory 
disease among the inhabitants of a rural area 
(Vlagtwedde) and those of an air-polluted area 
(Vlaardingen). The pollutants are sulphur dr- 
oxide, soot, nitrous oxide and hydrocarbons. 
The studies also include “mieropollulion*’ in 
the two environments (smoking habits, occu¬ 
pational activities, type of healing, etc.). The 
prevalence of chronic cough and expectoration 
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Sims, D.G., Downham, M.A.P.S., Gardner, P.S., Webb, J.K.G., 
Weightman, D. "Study of 8-year-old children with a history of 
respiratory syncytial virus bronchiolitis in infancy" British 
Medical Journal 1: 11-14, 1978. 

SUMMARY: Thirty-five children known to have had respiratory 
syncytial virus bronchiolitis in infancy were examined at the age 
of 8 and their respiratory function tested. The results were 
compared with those in 35 controls matched for age, sex, and social 1 
class. 

Although 18 of the children who had had bronchiolitis in 
infancy had experienced subsequent episodes of wheezing, these 
were neither severe nor frequent in most cases and had apparently 
ceased by the age of 8. Nevertheless, the mean exercise bronchial 
lability of the children who had had bronchiolitis was significantly 
higher than* that of the control children and the mean peak 
expiratory flow rate at rest significantly lower. Atopy, assessed 
by family and personal history alone, did not seem to be related 
to either bronchiolitis or wheezing episodes after bronchiolitis. 
The parents of the children who had had bronchiolitis smoked 
significantly more cigarettes during the infant's first year of 
life than those of the control children. 

The results suggest that bronchiolitis and childhood 
asthma are not closely related. Bronchial hyperreactivity might 
be inherited independently of atopy, but environmental factors 
seem the most likely link between severe respiratory infection in 
infancy and chronic or recurrent respiratory illness in adult life. 
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the severity of the clinical symptoms could not be adequately 
explained by valvular regurgitation, of which there was little 
evidence on examination of the heart- Blood cultures usually 
remained sterile, presumably because of inappropriate antibiotic 
treatment or the limited infectiveness of the organisms present, 
or both. 

A striking feature in three patients (cases 1„ 2, and 4) was the 
•cute, severe, and rapidly resolving but recurrent episodes of 
pulmonary oedema. Possibly these were caused by sudden 
blocking of the orifice by vegetation—this was indeed shown 
ochocardiographically in one patient (case 4). Other patients 
(cases 3 and 5 ind those reported by Reeve n aF and Manila 
gj •/») had more progressive pulmonary oedema, suggesting 
increasing mitral stenosis. In our experience both types of 
pulmonary oedema art uncommon in patients with isolated 
mitral valve regurgitation during bacterial endocarditis. 

Those of our patients who did not have mitral valve replace¬ 
ment (cases 2, 4, and 5) and the patient of Reeve and his 
colleagues 1 had a sudden cardiac arrest. Mitral valve vegetations 
cause obstruction just as catastrophic as an atrial tumour or a 
ball thrombus, and hence once the doctor suspects mitral valve 
obstruction he should confirm the diagnosis promptly and ensure 
that the patient is rapidly operated on. 

Accurate diagnosis is vital. Right heart catheterisation showed 
a raised pulmonary wedge pressure without a striking V wave, 
but was nevertheless of little value in assessing the severity of 
the haemodynamic disturbance: pressures may be very high 
because of rheumatic valve disease (case 4) or only moderately 
increased because the obstruction is intermittent. Echo¬ 
cardiography is the only method of detecting valvular vegeta¬ 
tions directly: bulky vegetations such as occurred in these 
patients arc unlikely to be missed. The technique has only a 


limited sensitivity, however, in mitral valve endocarditis.* * 
j inrar echoes behind the mitral valve should not be confused 
with atrial myxoma*; fungal, 1 marantic,* or granulomatous* 
obstruction; or thrombus. 

Hence whenever pulmonary oedema occurs in a patient with 
fever, haemodynamic oedema resulting from bacterial endo¬ 
carditis should be suspected routinely even if the findings on 
cardiac auscultation are normal. A viral origin is unlikely if fever 
continues for more than a week. Cardiac catheterisation may 
not confirm the diagnosis and echocardiography should be used. 
When this gives abnormal echoes behind the mitral' valve in a 
patient with the typical history and other features, emergency 
surgery should be carried out because of the risk of sudden 
death. 

We thank Professor P Soycr, Professor E Hazan, Dr J P Bex, and 
Dr Y Leconte, who op era ted on our patients, and Dr C Bouton 
who performed the necropsies. 
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Summary and conclusions 

Thirty-five children known to have had respiratory 
syncytial virus bronchiolitis in Infancy were examined at 
the age of 8 and their respiratory function tested. The 
results were compared with those in 35 controls matched 
for age, sex, and social class. 

Although 18 of the children who had had bronchiolitis 
in infancy had experienced subsequent episodes of 
wheezing, these were neither severe nor frequent In most 
cases and had apparently ceased by the age of 8. Never¬ 
theless, the mean exercise bronchial lability of the 
children who had had bronchiolitis was significantly 
higher than that of the control children and the mean 
peak expiratory flow rate at rest significantly lower. 


University of Newcastle upon Tyne, Newcastle upon Tyne 
D G SIMS, ms, muct, senior research associate in child health and virology 
MAPS DOTNHAM, M*cr, dch, senior lecturer in child health 
P 5 GARDNER, Am* DirBACTi professor of clinical virology 
J JC G WEBB, ha, FRCP, professor of child health 
D WEIGHTMAN, assistant in medical statistic* 


Atopy, assessed by family and persona! history alone, did 
not seem to be related to either bronchiolitis or wheezing 
episodes after bronchiolitis. The parents of the children 
who had had bronchiolitis smoked significantly more 
cigarettes during the Infant’s first year of life than those 
of the control children. 

The results suggest that bronchiolitis and childhood 
asthma are not closely related. Bronchial hyperreactivity 
might be inherited independently of atopy, but environ¬ 
mental factors seem the most likely link between severe 
respiratory Infection in infancy and chronic or recurrent 
respiratory Illness in adult life. 


Introduction 

Docs lower respiratory tract infection in infancy increase the 
risk of recurrent or chronic respiratory disease in later life? 
Difficult though this question is the answer may provide 
important new incentives for preventing and managing severe 
respiratory illness at all ages, and in recent years relevant 
evidence has been accumulating. A history of lower respiratory 
tract illness in early childhood has been shown to be associated 
with an increased incidence of respiratory symptoms and 
impaired ventilatory function in later childhood and early adult 
life. 1 '* Many_chfidren with a history of recurrent wheezing 
become symptom free but respond abnormally to exercise 
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tests,* In all these studies, however, the definition of the early 
illness has been uncertain, depending largely on parental 
diagnosis or on retrospective clinical judgment. 

Respiratory syncytial (RS) vims bronchiolitis is 
commonest severe lower respiratory tract infection in infancy. 
Its characteristic clinical picture and viral cause provide an 
opportunity to define a more homogeneous group of children for 
follow-up studies. Rooney and Williams T followed such a group, 
and theii finding that 35 out of 62 children known to have had 
RS virus bronchiolitis in infancy developed subsequent wheezing 
episodes has often been quoted. Their study was not controlled, 
however, and at follow-up the children's ages ranged from 2 to 7 
years. 

We therefore identified a group of children who had had RS 
virus bronchiolitis in infancy' and studied them eight years later. 
The assessment included tests of respiratory function as well as 
history and examination. Information was gathered aboul 
manifestations of atopy and smoking habits in the child's family, 
as both may be relevant to the development of recurrent or 
chronic respiratory illness. All the results were compared with 
those from a control group of children matched by age, sex,and 
soda! class and known not to have been admitted with bron- 
chiolitis in infancy. The Newcastle Area Health Authority 
Ethical Committee agreed to the study. | 

*4 

Method '-1 

The records of all infants from whom RS virus was isolated in the 
winter epidemic of 1967-8 were examined. Fifty-six infants (29 gjjfc 
and 27 boys) had one or more signs of bronchiolitis recorded and weref 
selected. One of the 56 children had since died of aspiration pneumonia 
after ingesting polystyrene fragments, and two had emigrated. No 
attempt was made to contact a child with multiple congenital abnorn* 
alities and another with severe mental retardation. Of the remainder, 
four lived 100 miles or more away, two could not be traced, and five 
refused to attend for follOw-up. 

We were able to match 35 children closely with 35 controls and 
these were included in the srudy. At the time of their admission ia 
infancy with RS virus bronchiolitis wheezing had been recorded in 
33, chest recession in 30, crepitations in 29, and clinically detectable 
overinflation in nine. Radiological appearances of the chest had been 
reported as being normal in 11 and showing ovcnnftation in 15, 
aubsegmental collapse or consolidation in 11, peribronchial thickening 
in six, and segmental consolidation in one. Clinically this child with 
aegmenul consolidation had had recession, wheezing, and bilateral 
crepitations. 

The 35 children were reviewed with one or both parents and details 
of subsequent respiratory illnesses were obtained. Parents were asked 
whether the child or any first-degree relatives had a history of wheezing 
(they were asked: "Has a whistling sound ever come from the chest?? 
and the sound was demonstrated by a forced expiration);,eczema (a 
red, flaking, itchy rash); allergic rhinitis (nasal discharge, sneezing, or 
irritation of the eyes at certain times of the year or with sperifi^ 
allergens); urticaria (pale, itchy, raised bumps on the skin); or rasbea 
in response to food or drugs. Family smoking habits during the child’s 
first year of life and currently were recorded. The weight and height 
of each child was noted and the upper and lower respiratory tract 
examined clinically. Resting values of forced expiratory volume in 
0 75 second (FEVo rO and vital capacity (VO were measured using a 
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measured with a ’Wright’s peak flow meter, and the value was taken as 
the best of three readings after the child had become accustomed to 
the procedure and was giving consistent values. The child then ran for 
six zninutes round a quadrangle or up and down a corridor and the 
pulse was counted; PEFR readmgs were obtained during a pause for 
a few seconds three minutes after starting to run, and at one, three, 
five, 10, and 15 minutes after completing the run. From these readings 
the maximum percentage rise and fall of PEFR were determined 
Exercise-induced bronchial lability was expressed as the sum of the 
percentage maximum rise and fall of PEFR.* One child had a PEFR 
at rest of less than 50 % of the expected mean normal and was therefore 
not exercised 

Control children were identified by giving lists containing the sex, 
age, and social class of the index children to the headteachers of four 
Tyneside schools. The headteachers were asked to select children of 
the same sex and age to within two months and to attempt to match the 
social class using father’s occupation as a guide. The parents then were 
approached by letter. Thirry-five children were investigated by the 
same methods as the index children. None of the control children had 
been admitted to hospital during the first year of life with respiratory 
illness. All the interviews and tests were carried out by the tame 
person. 

Results were compared using Student’s t test for matched pairs, 
/* tests, and exact probability tests for qualitative data. 


Results 

COMPARABILITY OF THE TWO GROUPS 

The only significant difference between the groups was in the mean 
number and age of siblings, both of which were greater in the bron¬ 
chiolitis group (table I). 


CLINICAL HISTORY AND EXAMINATION 

Eighteen of the children who had had bronchiolitis gave a history of 
wheezing on one or more occasions since their bronchiolitis compared 
with only one of the control group (P< 0 0005). The wheezing 
episodes experienced subsequently by the children who had had 
bronchiolitis were, however, neither severe nor frequent enough to 
have resulted in hospital outpatient or inpatient referral. The episodes 
were often absent for long periods, and 10 of the 18 children had ^ 
experienced no wheezing at all in the two years before interview. 

There was a slightly higher incidence of a history of upper respira¬ 
tory tract infections and croup among the children who had had 
bronchiolitis, but this difference did not reach statistical significance. 

Routine physical examination of the upper and lower respiratory 
tract showed no significant differences between the two groups. 


TESTS OF RESPIRATORY FUNCTION 

Table II shows the mean values for FEV 0 7 j, VC, PEFR at rest, 
and FEV 0 „75 as a percentage of VC. The PEFR values were signifi¬ 
cantly lower in the children with a history of bronchiolitis (P<0-02). 
No significant difference was demonstrable between the groups for 
FEV 0 73 or VC values, but for the FEV 0 75 expressed as a percentage 
of the VC the mean value in the bronchiolitis group was lower by 
4T**> which was statistically significant (P<0 05). 

Immediately after exercise the mean pulse rate was 182±12T 
beats min in the bronchiolitis group and 184 ±19-5 beats/min in the 
controls, suggesting that exertion was comparable in the two groups 


Vitalograph spirometer. The peak expiratory flow rate (PEFR) 


TABLE l —Comparability ef tlu vuo groups of <kiUr<m imJi/J. RsnJti ore -±- SD 


Group 

Kb of 

Sea 

Mean 

birth 

.Mean 

age as 

Mean 

Mean 

current 

height 

(M 

| Mean 

No of 
siblings 

Mean 
age of 
siblings 
(years) 

Social cImi dmrit 

mb on 

children 

(K M) 

1 weight 

k*> 

interview 

* years) 

weight 

(kf 

1and 11 

in 

IV, V, and 
other* 

Bronchial* tu 

35 

IS 17 

3 22 - 0 4b 

1 * 32 - 02* 

2ft 5R = 4 00 

127 9 -6 39 

2 Id 1 45 

10 9 i 513 

2 

IV 

14 

Control 

35 

U it 

3 32 r 0 46 | 

\ • 40 ; 0 33 

26 20 - 3 95 

126 4-5 25 

13 ± 0 86 

8 5-4 17 

3 

23 

9 

Mean difference 

Standard error of difference within patrs 

P value; 

-0 10 

0 122 
>04 

-0-0* 

0042 

>005 

*♦.0 3* 
1013 
>o- 
L “1 

13 

1-490 

>0*3 

4 08 

0 315 
<0-02 

4 2 4t 
0*943 
<0-02 

X* CDF 

- 1)^1 619; 

F>0 2 


Unemployed, disabled, etc. V. 

Difference between mesas. . . . 

Significant St 0-05 level. *“• • 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


92828CC202 




IS 


BJUTI5H MEDICAL JOURNAL 7 JANUARY 1978 


TABLI n— Results of tests of respiratory function made at rest 


Group 

No of 
matched 
pairs 

Mesn 

value 

! Mean 
! difference 

Standard 
error of 
difference 

r 



rciv-cn 




Bronchiolitis I 

Control 1 

1 35 1 

1 *59 1 

| 1*4 | 

| -0-05 | 

| 0*67 

| >0-4 



yea > 




Bronchiolitis j 

Control 1 

1 M 1 

1 1*5 j 
| 1-89 | 

| +0*6 | 

| OOM j 

| >o* 


PEFR Oimin) 



Bronchiolitis j 

Control 1 

1 55 1 

1 237-3 1 

1 265-1 | 

1 - 17 * ! 

| 11-358 

j <0*2 


FEV^JVCkJOO 



Bronchiolitis ] 

Control 

34 

83 2 

S7-3 

-4 1 

1-827 

| <0*5 


30 n 



ff 


Ik 

£ 

c 

•r 

? 

O 

X 

u 


20 


10 i 


oJ 


Fall 

P<CH)1 


Exercise lability 
Rise (fall and riw) 

P» 0-6 P< 001 



Mean (±SD) PEFR change in response to exercise for 
bronchiolitis end control groups. Comparisons were made in 
matched subjects. 


(P>0 5). The figure shows the mean indices of bronchial lability. The 
mean differences in values for percentage fall and for exercise lability 
were significant (P <0 01). Exercise testing precipitated symptoms in 
two children: one child in the bronchiolitis group with an exercise 
lability of 7Q% developed severe wheezing, and one control child 
with an exercise lability of 35%, whose parents had never noticed 
wheezing previously, had a transient episode of coughing and wheezing 
after the test. 


ATOPT 

The prevalence of clinical features of atopy in the children and their 
first-degree relatives was similar in the two groups. 


PARENTAL SMOKING HABITS 

During the infant’s first year of life 71 % of the mothers of children 
who had had bronchiolitis had smoked compared with 49% of control 
mothers, a difference that just failed to reach statistical! significance 
(X r with 3 DF-381; P>005). More fathers of children in the 
bronchiolitis group had smoked (77 %) than control fathers (60%) but 
this difference was not significant (P>0T). 

Together the* parent* of<children wbp had ^ hadbronchiolitis had 
smoked Wiverage 291 dgzre^ldRfjdi^g^}§m yeu of the 
infant’s lift; compare*} with l9 ftsmokedby the control parent^This 
gave a mean difference erf" 9 5 rigarmea/daywitlTa stahdard r error of 
4T25, which was significant (P< 0-05). 

At the nine of the study the parents whose children had had 
bromhiolitia smoked on average 29-2 tigarettes/day and the control 
parents 21*1, a mean difference of 8-1 with a standard error of 4-947. 
This was not statistically significant (P> 0-1). 


COMPARISONS WITHIN BRONCHI OLJTD CROUP 

Further analyses were made after dividing the bronchiolitis group 
into those with a subsequent history of wheezing (18 children^ and 
those without (17 children). No significant differences in sex distribu- 
tioni social class, age at interview, birth weight* or current weight and 
height emerged when these subgroups were compared. Retrospective 
analysis of details of the original admission for bronchiolitis with 
respect to age, weight, use of antibiotics, length of hospital! stay* 
physical signs, and radiological findings, showed no differences. There 
were also no differences in the prevalence of atopy or in parental 
smoking habits. 

Table III gives results of lung function tests at rest and during 
exercise for the wheezing group, the non-wheezing group, and the 
controls. The PEFR values at rest, the fall in PEFR during exercise, 
and overall exercise lability showed • consistent trend, the wheezing 
children performing worse than the non-wheezing children, who in 
turn performed worse than the controls. There was no such trend 
for the rise in PEFR during exercise. 


Discussion 

Eighteen of the children with a history of RS virus bron¬ 
chiolitis suffered subsequent wheezing, but it was rarely severe, 
was often absent for long periods, and in most cases had 
apparently ceased by the age of 8. We therefore suggest that the 
clinical prognosis for a baby with RS virus bronchiolitis is good, 
at least at the age of 8, and disagree with Rooney and Williams’s 
conclusion that there may be a strong association between 
bronchiolitis and unequivocal asthma. 1 There docs, however, 
seem to be an association with the syndrome described by 
Williams and McNicol* of mild infrequent wheezing episode* 
that resolve by the age of 8. Leeder tt a! 9 have recently shown 
that there it a relation between a history of pneumonia ox 
bronchitis in infancy and subsequent wheezing and that this 
relation is stronger for wheezing not regarded by parents as 
“asthmatic.” 

Exerdse lability studies at this age have not been reported in 
a group of this size. The test was performed with ease on most 
of the children, but a few needed extra encouragement and a 


TABLZ m -—Results of host function tests in bronchiolitis group subdivided into those wish and those toil haul a history of subsequent wheeze and compared with 
their matched controls 



PEFR at rest 

| Maximum rise in PEFR | 

Maximum fall in PEFR 1 

1 Exercise lability 


(1/min) 


(%> 


(%) 


<%) 


No 

Mean ± SD 

No 

Mean ± SD 

No 

Mean ± SD 

No 

Mean - SD 

Bronchiolitis—further wheezing (A) 

18 

226-4 ±49-5 

17* 

5-6 ±4 9 

\T 

17 l± 13-9 

17* 

22 7 = 15* 

Control* (CA), 

18 

269 4 ±49 6 

17 

3 9 ±4-4 

17 

7 4 ±5 7 

17 

11 3 ±4 7 

Bronchiolitis— do further wheezing (B) 

17 

248 8 ±35 4 

17 

2-8 ± 3-5 

17 

14 3 ±6-9 

17 

171 ±6* 

Controls (CB) 

17 

2606±37-4 

17 

5-6 ±7-4 

17 

8-4 ±8-1 

17 

14* ±83 

Significance • 









A vB 

>0-1 

>0*5 

>0-5 

>0-1 

A * CA 


0*2 

>0-3 

<0*5 

<0*2 

B v CB 

I 

>0-2 

<0*5 

>02 


•Values in one subject were not measured. 
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few were to eager to oblige that they were inclined to blow 
hurriedly into the peak flow meter without inhaling fully unless 
closely watched. The mean exercise lability of the children who 
had had bronchiolitis in infancy was significantly higher than 
that of the control i children and the mean PEFR at rest signifi¬ 
cantly lower. Whether these findings have implications for the 
development of chronic respiratory illness in adult life will be 
known only after many years of further observation. 

Rooney and Williams' thought that they had shown an 
association between family atopy and the development of 
wheezing episodes after bronchiolitis, but their data were 
incomplete, and some of their younger children may have 
developed wheezing later in childhood after a latent period. 
In our study there was no apparent link between atopy and 
cither bronchiolitis or subsequent wheezing. Clinical questioning, 
however, is an unreliable measure of atopy and we plan to 
investigate the two groups of children further by skin tests and 
IgE estimations. 

Our results sugg est that cigarette smoking by the parents 
during the infant’s first year of life may be associated with an 
increased risk of RS virus bronchiolitis for their baby. To 
establish this a study of smoking and non-smoking parents 
would be necessary. Similar associations between parental 
smoking and lower respiratory tract infection in infancy have 
been found by other investigators.* •" 11 

There are three possible ways in which respiratory disease in 
infancy may be linked with that in later life: there may be a 
causal link between the two, a genetic predisposition to both, or 
common environmental! factors. Of the three, a causal link, 
although it cannot be excluded, is perhaps unlikely in view of the 
small degree of respiratory disability we found in the 8-ycar-old 
children who had had bronchiolitis in infancy and the long 
symptom-free period that many of them had experienced. We 
have so far been unable to show that atopy constitutes a genetic 
link. McNicol and Williams have already speculated that 
bronchia] hyperreactivity may be inherited independently of 
atopy,** and the results of our exercise tests are not inconsistent 
with this suggestion. 

Environmental factors such as overcrowded housing, family- 
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size, air pollution, and cigarette smoking are increasingly 
recognised as influencing the prevalence of respiratory illness in 
children as well as adults. 1 * ut \ Parental smoking was more 
common and family size larger in our bronchiolitis group, and 
the persistence of these factors may explain, at least in pan, why 
many children went on to have further episodes of wheezing 
with impaired ventilatory function. Matching groups of children 
by father’s occupation conceals wide variations in the way 
children are cared for, u and a search for more subtle differences 
in the home environment between children with and without 
respiratory disease may disclose new opportunities for 
prevention. 

We arc grateful to the four headmasters for their help in identifying 
the control children and providing facilities for testing them and to the 
Medical Research Council for their support 
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Antinuclear antibodies in patients receiving non-practolol 
beta-blockers 

J D WILSON, JOCELYN Y BULLOCK, D C SUTHERLAND, C MAIN, K P O’BRIEN 


British Medical Journal, 1978, 1, 14-16 


Summary and conclusions 

Antinuclear antibodies (ANA) were found in 54 (7 0%) 
out of 767 treated hypertensive patients compared with 
59 (2 4%) out of 2470 healthy controls. Inclusion of a 
non-practolol beta-blocker in the treatment regimen 
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did not significantly affect the incidence of ANA. ANA 
was found in significantly more patients being treated 
with methyldopa (13 0%) than patients receiving other 
hypotensive agents (3 8%). Non-practolol beta-blockers 
in combination with methyldopa did not increase the 
incidence of ANA further. 


Introduction 

Recognition that patients taking the bcta-adrenoceptor- 
bloeking drug practolol may develop serious oculomucocutancous 
reactions’ has raised concern about the toxicity of related drugs. 
There is little evidence that non-practolol' beta-blockers induce 
similar reactions, despite the awareness of practitioners and 
government agencies of side effects. Practolol toxicity was not 
recognised until cumulative experience with the drug totalled 
one million patient-years, 5 and some patients developed symp¬ 
toms only after many months of treatment or even after the 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023382838 




2023382829 





Source: https://www.industrydocum&nts.ucsf.edu/docs/nmyx0000 




Fergusson, D.M. 
and respiratory 
55(5): 358-361, 


, Horwood, L.J., Shannon, F.T. "Parental smoking 
illness in infancy" Archives of Disease in Childhood 
1980. 


SUMMARY: The relationship between parental smoking and respiratory 
illness in a birth cohort of 1180 one-year-old children was 
examined. Maternal smoking was associated with an increased 
incidence of lower respiratory illness but there was no 
statistically significant association between paternal smoking and 
lower respiratory illness. While children of mothers who smoked 
suffered more lower respiratory illnesses, their overall risk of 
respiratory infection was similar to that for children of nonsmoking 
mothers. The association between maternal smoking and infantile 
lower respiratory illness persisted when the child's social 
background, perinatal history, and postnatal diet were taken into 
account. The findings favour the view that prolonged exposure to 
cigarette smoke predisposes infants to develop lower respiratory 
symptoms when they contract a respiratory infection. 
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Parental smoking and respiratory illness in infancy 

D M FERGUSSON. L J HORWOOD, AND F T SHANNON 

Christchurch Child Development Study , Department of Paediatrics , Christchurch Hospital , Christchurch , 
M'w Zealand 


summary The relationship between parental smoking and respiratory illness in a birth cohort of 

t there was no statistically significant association between 
paternal smoking and lower respiratory illness. While children of mothers who smoked suffered more 
lower respiratory illnesses, their overall risk of respiratory infection was similar to that for children 
of nonsmoking 



A number of studies has shown that parental 
smoking is related to an increased risk of bronchitis 
and pneumonia among children under one year 1- * 
and to an increased risk of morning cough and 
breathlessness among schoolchildren.*- 6 The associa¬ 
tion between parental smoking and lower respiratory 
illness in children has been shown to persist when 
factors—such as, family size, birthweight, social 
class, the child's smoking habits—are taken into 
account. 1 ”* • This paper examines the effects of 
parental smoking on the risk and nature of 
respiratory illness during the last 8 months of the 
first year of life in a birth cohort of 1180 infants. 

Method 

The data were collected during the third stage of the 
Christchurch Child Development Study. 7 In this 
project a cohort of infants was studied at birth, at 
4 months, and one year. At birth, the child's mother 
was interviewed, using a structured schedule, to find 
out the background to the pregnancy and the 
antenatal history. When the child was 4 months old, 
the mother was again interviewed, using a structured 
schedule, to find out about the child's health and 
development since birth, the diet, and the social and 
economic background of the family. At one year a 
similar interview was administered. At each inter- 

Dcpartant at Paediatrics, Ckrirtcfawrcfe Hospital, New 
Zealand 

D m ff*gu»on, principal investigator 
IL i MOKwnon, research assistant 
t shannon, professor of paediatrics 


view t he mother signed a consent form indicating her 
willingness to participate in the research. 

The initial cohort comprised 1262 children and one 
year later 1180 were still! in the study. This repre¬ 
sented 94% of the initial cohort and 97% of the 
children who were still alive and resident in New 
Zealand. The following measures were used in the 
analysis. 

Measures of respiratory illness. To measure respir¬ 
atory illness, both that involving medical consultation 
and that treated at home, two measures of 
respiratory illness were constructed. 

« 

Medical consultation 

At 4 months and again at one year the child's mother 
was asked to give details of the child's history of 
medical consultation. While maternal reports of 
medical consultation are unlikely to be completely 
accurate, Colley 5 found there was good agreement 
between such reports and medical records. From the 
maternal reports of medical consultation, a child was 
defined as having a lower respiratory illness if he had 
attended a medical practitioner or a hospital for 
bronchitis, bronchiolitis, or pneumonia. A child was 
defined as suffering an upper respiratory illness if 
he had attended a medical practitioner or hospital 
for respiratory illness other than bronchitis, 
bronchiolitis, or pneumonia. 

Symptoms 

To supplement the data on medical consultations 
each mother was asked whether the child had 
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displayed any of a scries of respiratory symptoms, 
irrespective of whether he laid seen a doctor. From 
this questioning two measures were constructed. 
The first was whether the child had ever suffered a 
‘wheezy chest* and the second was whether he had 
ever suffered other respiratory symptoms such as 
cold, sore throat, sore ears, etc. Questioning on 
symptoms was only conducted at one year, so that 
complete medical data on the child were available 
only for the period from 4 months to one year. 
Because of this, the analysis is restricted to the last 
8 months of the child’s first year of life. 

Parental smoking. Parents were classified as ‘smoker* 
or ‘nonsmokcr\ 

Perinatal history, social background, and diet 
measures. The following variables were used in the 
analysis for purposes of statistical control: birth- 
weight, gestational age, maternal age, maternal 
education, maternal race, number of children in the 
family, family living standards, and duration of 
breast feeding. 

The joint effects of maternal and paternal smoking 
on the risk of lower respiratory illness were analysed 
using the logistic analysis of factorial designs 
described by Cox * In this analysis maternal and 
paternal smoking were treated as two factors and the 
proportion of infants with loweT respiratory iIIhess 
was the dependent variable. This proportion was 
transformed using the logistic function and contrasts 
of the effects of maternal smoking, paternal smoking, 
and the maternal/paternal smoking interaction were 
examined. 

Results 

Tables 1 and 2 show the relationship between 
parental smoking and the risk of medical attendance 
for lower respiratory illness, and maternal reports 
of wheezy chc^du n ng^uH^rt8n^^to^U^ 


Table 1 Percentage of children with medical 
consultation for lontr respiratory illness by parental 
stnoking 9 


Futhrr 

Mother 




Sotumoker 

Smoker 

O reran 

Nonsmokert 

6 

(n - 5M) 

10 

Ir - 190) 

7 

(n - 778) 

Smoker 

a 

<»i - 192) 

14 

<n - 199) 

10 

* <« - 391) 

Overall 

a 

fn -780) 

12 

in - 389) 

1 

(n - 1169) 


* Excludes 11 children for whom data were mi wing lor cither smoking 
or respiratory illness. 

tlncludcs U families in which there was no father, or father figure. 


Tabic 2 Percentage of children with wheezy chest 
by parental xntok in?* 


tut her 

Mother 



Sou tm<Aer 

Sourer 

O rerat t 

Noromokcrt 

29 

>8 

31 


(n - 588) 

in - 190) 

Ip - 778) 

Smoker 

30 

43 

36 


In - 192) 

<h - IV9> 

(n - 39!) 

Overall 

2* 

40 

33 


(n - 780) 

(n - 389) 

<n - 1169) 


•Excludes 11 children for whom djta were mining for either smoking 
or whve/y che-it. 

t Includes S3 families in which there was no father, or father figure. 



there was no significant association between paternal 
smoking and lower respiratory illness (P>0-05); 
there was no significant interaction between maternal 
smoking, paternal smoking, and the risk of lower 
respiratory illness (P>0 • 05 )j 
T able 3 shows the relationship between maternal 
smoking and the risk of all respiratory illhess or 
symptoms. This risk is subdivided into upper 
respiratory illness or symptoms only (such as, nasal 
discharge, pharyngitis, otitis media, maternal 
reports of cold, sore throat) and lower respiratory 
illness or symptoms (such as, bronchitis* bronchio¬ 
litis, pneumonia, maternal reports of wheezy chest). 
Overall, the risk of respiratory itlness was similar for 



Table 3 Percentage of children with respiratory 
symptoms, upper respiratory symptoms only % lower 
respiratory symptoms, by maternal smoking 


Measure 

smokee 

{*-736) 

Smoker 

{*-390 

Totut 

{*-1180) 

r* 

With at least or* 

respiratory symptom 91 

93 

92 

>0 05 

With upper respiratory 
symptoms only S3 

32 

60 

<0 001 

With lower respiratory 
symptoms 29 

40 

33 

<0 001 
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Table 4 . Risks of iower respiratory illness adjusted for perinatal factors, home background, and hreusi feeding 


Measure 

Adjustment 






None 

Perinatal kisntry 

If rune iMckgrraind 

Breast fredint 

All 'factors 

McdicaJ consultations 
Nonsmoker (>*) 

6 

6 

6 

6 

6 

Smoker (%) 

i: 

12 

12 

12 

12 

Maternal reports of wheezy chest 
Nonsmokcr (29 

28 

29 

29 

29 

Smoker (%) 

40 

41 

40 

40 

40 


ul a lower risk of respiratory illness 
"affecting only the upper respiratory tract. 

To control for the effects of the child's perinatal 
history, home background, and postnatal diet, the 
binary multiple regression method described by 
Felditein* was used. Table 4 shows for the two 
measures of lower respiratory illness: (l) The risk of 
lower respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the effects of 
birthweight and gestational age. (2) The risk of lower 
respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the effects of 
maternal age, education, ethnic status, family size, 
and family living standards, (3) The risk of lower 
respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the effects of 
duration of breast feeding. (4) The risk of lower 
respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the joint effects of 
the perinatal, home background, and diet measures. 
It can be seen from Table 4 that the adjusted 
estimates of the risks of lower respiratory illness do 
not differ appreciably from the unadjusted risks. 


Previous studies have considered the effects of 
parental smoking on lower respiratory illness only. 
The findings reported here show that there is a 
complicated relationship between parental smoking 
and all respiratory illness. Overall, the children of 
mot hen who smoke do not have a greater risk of 
respirat 



In addition, previous research has examined the 
relationship between parental smoking and medical 
consultation for lower respiratory illness. Since 
medical consultations probably provide a biased 
sample of infant illhess. there is the possibility that 
the apparent association between parental smoking 
and infant lower respiratory illness could have arisen 
fronL^n)^ia^a.Mn5ultjng. practices^ 




Discussion 

An association between parental smoking and 
infantile lower respiratory illness has been demon- 
strated: 1 "* The findings reported here extend 
knowledge of this association in a number of ways. 

Perhaps the most interesting result is that, while 
maternal smoking was associated with an increased 
risk of infantile lower respiratory illness, there was 
no such association for paternal smoking. This 
difference has been overlooked in previous studies 
which have not considered the sex of the smoking 
parent. The obvious implication of the mult is that 
duration of exposure to cigarette smoke (rather than 
the presence of a smoker in the house) is an important 
factor in the correlation. 


fijmedic 

Finally, the range of social and perinatal factors 
controlled in this study is greater thjfl*that con¬ 
sidered in previou 



There now appears to be sufficient evidence to 
support the view that people in regular and prolonged 
contact with infants should not smoke, or if they 
must, they should not do to in the presence of 
infants. 

This research was supported by grants from the 
Medical Research Council of New Zealand and the 
National Children's Health Research Foundation. 
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SUMMARY: The relationships between parental smoking and the rates 
of lower respiratory illness during the first three years of life 
were examined for a birth cohort of 1265 New Zealand children. 
Lower respiratory illness varied significantly with maternal smoking 
for the first year; there was equivocal evidence of a relationship 
between maternal smoking and lower respiratory illness in the second 
year; and by the third year the relationship had clearly 
disappeared. Paternal smoking had no significant effect on rates 
of lower respiratory illness at any time. 

Application of logistic regression showed that for the 
first year rates of lower respiratory illness were approximately 
linearly related to maternal smoking: increases of five cigarettes 
a day resulted in an increase of 2.5 to 3.5 incidents of lower 
respiratory illness per 100 children at risk. Statistical control 
for maternal age, education, family size, and family living 
standards showed that the relationship between maternal smoking 
and rates of lower respiratory illness was not significantly 
influenced by these factors. 
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Parental smoking and lower respiratory illness in the 
first three years of life 

D. M. FERGUSSON, L. J. HORWOOD, F. T. SHANNON, AND BRENT TAYLOR 
From the Department of Paediatrics, Christchurch Clinical School of Medicine , Christchurch, New Zealand 


summary The relationships between parental smoking and the rates of lower respiratory illness 
during the first three years of life were examined for a birth cohort of 1265 New Zealand children. 
Lower respiratory illness varied significantly with maternal smoking for the first year; there was 
15quivocale«Kjence of a relationship between maternal smoking and lower respiratory illness in th? 
Second yestffand by the third year the relationship had clearly disappeared. Paternal smoking had 
no significant effect on rates of lower respiratory illness at any time. 

he first year ra tes o f low er respiratory illness 

Stfely Imeartpfclatetf tomatem^ " ^ 

~ ‘ 1 materol^gtokingand m 
Sese factors. 



A number of studies have reported associations 
between parental smoking and lower respiratory 
illness in children. These reports have ranged from 
findings of increased rates of bronchitis and 
pneumonia in infants*"* to increased morning cough 
and breathlessness in children of school age.*" 4 Most 
authors have been cautious about imputing a causal 
relationship on the basis of the correlational 
evidence, but at least three sets of findings suggest 
that the relationships are causal rather than 
coincidental. 

Firstly, the association between parental smoking 
and childhood respiratory illness has been 
remarkably resilient to attempts at statistical control. 
Various studies have shown that the correlation 
persists when such factors as family social 
conditions 1 **; family composition? 4 ; perinatal 
history* 4 ; breast-feeding 4 ; lower respiratory illhess in 
the child’s family 1 *; and the child’s smoking habits* 
have been taken into account. 

Secondly, the correlation appears to be specific to 
lower respiratory illness and at least two studies** 
have reported that a similar association does not exist 
for upper respiratory illness. 

Finally, a study by Fergusson, Horwood, and 
Shannon* indicated that the effects of smoking varied 
with the degree of contact between the smoking adult 
and the child: maternal smoking contributed 
significantly to lower respiratory illness tn infants, but 
paternal smoking did not. 


Despite the convergence of evidence suggesting a 
causal link between parental smoking and childhood 
lower respiratory illness, relatively little is known 
about the details of this association. In particular, 
information is absent or limited on the dose/response 
relationships which exist between parental smoking 
levels and rates of lower respiratory illness and the 
way in which the effects of parental smoking-vary 
with the child’s age. 

In this paper we report on the results of a 
three-year prospective stutfy of'the effects of parental 
smoking on lower respiratory illness in children. The 
aims of the study were two-fold: to describe the way 
in which the effects of parental smoking on lower 
respiratory illness varied with the age of the child; 
and to provide estimates of the dose/response 
relationships between parental smoking levels and 
rates of lower respiratory illness. 

Method 

The data were collected during the first five stages of 
the Christchurch Child Development Study 4 • In this 
study a birth cohort of infants bom live in the 
Christchurch (New Zealand) urban region during the 
period 15 April 1977 to 5 August 1977 has been 
studied at birth, four months, one, two, and three 
years. At each stage information was collected by 
structured interviews with the child's mother, 
supplemented by information from hospital records 
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and other sources. The topics examined by the 
interviews included the child’s health, development, 
and family social and economic background. 

Information on the medical history, including 
respiratory illhess, of each child was collected in the 
following ways: 

(1) During the periods birth to four months, one 
to two years, and two to three years each mother was 
provided with a diary in which to record her child’s 
history of medical attendance. Compliance was good; 
85% of mothers returned a diary record for the 
period from birth to four months and 60-65% for the 
periods between one and three years. 

(2) At each interview the mother was asked to 
give details of her child’s history of medical 
attendance. This information was obtained from the 
diary record where available or from maternal recall 
supplemented by telephone calls to the family doctor. 

(3) The history of the child’s hospital attendance 
was cross-checked against all available hospital 
records in Christchurch and by contacting hospitals 
outside the Canterbury region for relevant case 
information in other cases, subject to the signed 
consent of the mother. Comparison between 
maternal reports of hospital admission and hospital 
records revealfcd very good agreement between the 
two: only two mothers failed to report an admission 
for their child during the three-year period. 

(4) Mothers were asked to provide data on the 
history of medical consultation, and were also 
questioned about the child’s history of symptoms and 
illness which had not received medical treatment. 

Using this information, it was possible to 
reconstruct the child’s history of illness from birth to 
three years. 

The following measures were used in the analysis: 

(1) Lower respiratory illness . Two measures were 
constructed: 

(a) Bronchitis/pneumonia—whether the child 
had attended a doctor or hospital for 
bronchitis, bronchiolitis or pneumonia 
during any of the periods birth to one year, 
one year to two years, and two to three 
years. 

(b) Symptoms of lower respiratory 
illness^beeause measures of medically 
treated lower respiratory illness could 
have provided a biased estimate of 
morbidity, a second more general index 
was constructed. This was based on 
reports of medically treated 
bronchitis/pneumonia together with 
maternal reports of ‘chesty cold’ or 
‘wheezy chest’ irrespective of whether 
medical treatment was sought. A child 
was defined as displaying symptoms of 


lower respiratory illness if he had 
received medical attention for 
bronchitis/pneumonia or if his mother 
reported ’chesty colds’ or ‘wheeze’. 
(Incidents in which chest wheeze was 
ascribed to asthma were not included in 
the definition). 

(2) Parental smoking. At one year, two years and 
three years information was obtained 1 on both 
maternal and paternal daily cigarette consumption. 

(3) Control variables. The following measures 
were used in the analysis for the purposes of 
statistical control: maternal age, education, family 
size, and an interviewer rating of family living 
standards. (These variables were selected on the 
basis of preliminary tabular and multiple regression 
analyses of a larger set of possible control factors 
including birthweight, gestational age, sex, maternal' 
ethnic status, family composition, family income, and 
early infant diet. This analysis showed that only 
maternal age, education, family size, and living 
standards were related to both parental smoking 
habits and lower respiratory illness in childhood). 

RESPONSE RATES AND MISSING DATA 
Table 1 shows the response rates for each year of data 
collection. Response rates remained uniformly high 
over the three-year period. Of the initial cohort of 
1265 infants, 1143 remained in the study at three 
years. This represented 90% of the initial cohort and 
96% of the cohort who were still alive and resident in 
New Zealand. In a few cases (10 to 15 a year) data 
were missing on parental smoking or history of lower 
respiratory illness. All analyses are based on the 
sample available in each time-period who had 
complete data on all variables in the analysis. The 
sample sizes involved are given by the N’s shown in 
Table 2. Comparisons of the social and demographic 
characteristics of the sample (that is, maternal age, 
education, ethnic status, family income, 
socioeconomic status) between interviews showed no 
significant differences in sample composition arising 
from sample losses. 

Results 

Table 2 shows the annua) rates per 100 children of 
bronchitis/pneumonia and total lower respiratory 


Table 1 Response rates during the three-year study period 
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Tabic 2 Rates per 100 children of bronchitis ipneumonia and lower respiratory symptoms in the. first three years of life by 
maternal and paternal smoking (number of children in brackets) 
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symptoms during the three-year study period. These 
rates are subdivided by maternal and paternal daily 
cigarette intake. A series of five ldg-linear models 
was fitted to the annua! rate data to test for the 
presence of significant relationships between 
parental smoking behaviour and rates of lower 
respiratory illness. The method involved fitting a 
series of hierarchical models which differed from one 
another by one effect. From these models, tests of the 
contributions of maternal and paternal smoking 
behaviour to the rales of lower respiratory illness 
were derived from the differences between the values 
of the log-likelihood statistic associated with each 
model. This analysis showed: 

(1) For the first year, a model which assumed 
that the rates of childhood lower respiratory illness 
were independent of parental smoking did not fit the 
data. Further analysis showed that there was a 
significant tendency for rates of 
bronchitis/pneumonia (log x* ~ 17-4; df * 2; 


p <0 001) and of lower respiratory symptoms (log 
X* - 12-4; df * 2; p <0 01) to vary with maternal 
smoking behaviour. Paternal smoking did not 
significantly contribute to the rates of lower 
respiratory illness either when considered alone or 
when maternal smoking behaviour was taken into 
account. 

(2) For the second year, a model which assumed 
that the rates of lower respiratory illness were 
independent of maternal and paternal smoking 
behaviour was sufficient to fit the data for both 
bronchitis/pneumonia and total lower respiratory 
symptom*. However, for the bronchitis/pncumonia 
data it was found that a model which included 
maternal smoking as a factor related to lower 
respiratory illness resulted in a statistically significant 
improvement in the fit of the data over the model of 
the independence between the factors (log x 1 m 8-3; 
df - 2; p <0 02). The results thus suggested an 
equivocal relationship between maternal smoking 
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Table 3 Halts und differences in the rules per 100 children of bronchitis/pneumonia and total lower respiratory symptoms 
bt'tween children of non*smokers and smokers 
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and lower respiratory illness in the second year of life. 

(3) For the third year^ a model in which the rates 
of lower respiratory illness were assumed to be 
independent of maternal and paternal smoking was 
sufficient to fit the data for both measures. No 
significant improvement in the fit of the model was 
obtained by introducing assumptions about the 
dependence of lower respiratory illness on maternal 
or paternal smoking. 

The major results of the log-linear analyses can be 
seen more clearly from Table 3, which shows the 
differences in the rates of lower respiratory illness 
between children of smoking mothers and children of 
non-smoking mothers over the three-year period. 
During the first year, children of smokers had rates of 
lower respiratory illness which were seven to 11 per 
lOO higher than for children of non-smokers; for the 
second year, this difference declined to five to six per 
100; and by the third year the differences were 
clearly negligible (0 to 3 per 100). 

The results for the first year of life show that there 
is a general and significant tendency for rates of lower 
respiratory illness to rise with maternal daily 


• Observed proportions 
— Fitted curve 
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cigarette intake. However, because of the coarse 
grouping method used in Table 2, the nature of the 
relationship between cigarette intake and rates of 
illness is not clear. To provide a more sensitive 
analysis, the smoking behaviour of mothers was 
classified into six groups: non-smoker; one to five 
cigarettes a day; six to 10 cigarettes a day; 11 to 15 
cigarettes a day; 16 to 20 cigarettes a day; and 21+ 
cigarettes a day: Using the median intake values for 
these groupings, logistic models were fitted to the 
rates of bronchitis/pneumonia and total lower 
respiratory symptoms. The results of this analysis are 
summarised in Figs. 1 and 2, which show the fitted 
dose/response curves and the observed data. While 
both models showed a satisfactory fit (0-7>p>0*3) 
to the data as measured by the deviance statistic, it is 
clear that there is some discrepancy between the 
fitted values and the observed data points. In 
particular, both analyses show a ge neral tendency for 
the observed results to be higher than the predicted 
results for the group of subjects reporting an intake in 
the range of six to 10 cigarettes a day. Disregarding 
this discrepancy, the results suggest that increases of 
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P*rate o* kwm respiratory symptoms 
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Fig. 2 Dose/response curve between maternal daily 
cigarette intake and rates of lower respiratory symptoms 
in the first year of life. 
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Table 4 Comparison of slope coefficients of the 

unadjusted and adjusted fitted logistic curs es 
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five cigarettes a day result in an approximate increase 
of 2 5-3*5 per 100 in the rates of lower respiratory 
illness. 

However* the dose/response curves shown in Figs. 

1 and 2 do not take into account the effect of other 
factors which may be correlated with both smoking 
and lower respiratory illness. To adjust the results for 
the possible effects of these factors* the data were 
re>anaiysed using logistic models in which maternal 
age* education* family size* and family living 
standards were introduced as additional factors. 
Table 4 gives a comparison of the B (slope) 
coefficients for the unadjusted and adjusted models. 
The results show that the effect of introducing the 
control factors is to reduce slightly the slope of the 
regressions. However, the differences between the 
adjusted and unadjusted slopes are not significant* 
indicating that the dose/response relationships 
depicted in Fig. 1 provide a good approximation to 
the relationships after the data have been adjusted 
for confounding factors. 

Discussion 

In confirmation of the findings of Colley ef a/ 1 the 
correlation between parental smoking and childhood 


respiratory function of children* with the result thgt 
by the time middle childhood isTeachcd. childr^of 
smokers have a greater lower respiratory 

illness or symptoms. 

For the first year, of life, the fitted dose/response 
curves showed^almi^fJmear tenden^or ratei of 
Alness to increase with' maternal smoking?increases 
of five cigarettes a day resulted in increased in rates of 
Jower respiratory illness in th<*.regiQitfof 2 r 54© 3*5 
incidents per'100 chilareir^ai risk. However, the 
Observed data showed a number of deviations from 
the smoothed dose/response function. For both 
measures of lower respiratory illness the observed 
rates of lower respiratory illness for women reporting 
an intake of six to 10 cigarettes a day were markedly 
higher than the rate estimated from the curve. This 
aberration in the results almost certainly reflects the 
effects of a reporting bias in the daily cigarette intake 
estimates, with women having a tendency to round 
their estimates down to the convenient and perhaps 
socially acceptable *10 a day" Because of the possible 
biasscs in maternal reports, the dose/response curves 
should be treated as providing only an approximate 
measure of the sensitivity of rates of infant lower 
respiratory illness to maternal smoking habits. 

This research was funded by grants from the Medical 
Research Council of Nfcw Zealand and’the National 
Children's Health Research Foundation. 
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lower respiratory illness appeared to be most marked 
for the first year of life and showed a steady decline 
with increasing age. At one year* clear differences^ 
between the offspring of smokers and non-smokeirsj 
were evident; at two years the evidence wa^ 
equivocal; and by three years an association between 
maternal smoking and infant lower respiratory illness 
was clearly absent. However, these findings are not 
entirely consistent with reports* -4 which have shown 
greater rates of respiratory problems (morning cough 
and breathlessness) among children of school age 
with smoking parents. One hypothesis which satisfies 
the available data, is'that the effect of parental 
smokfti| f 6fi a diildhood lower respiratory illness and 
lymploimyik^two^fold;^ During early life*, arid 
panicuilarfy the first year* prolonged; contact withp 
cigarette smokewould' appear to precipitate 
exacerbate lower respiratory illness in children; this' 
effect W relatively shoil-liyed and disappears at lftc, 
age of about 2. However! prolonged exposure to 
dgarettefhfeke over a period of year* may have a 
compound interest effect in compromising the 
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ABSTRACT. Recent studies have indicated higher rates of certain 
respiratory conditions among children who live in households with 
adults who smoke cigarettes. This paper analyzes data from the 
1970 National Health Interview Survey. Children in families with 
no smokers had an average of 1.1 fewer restricted-activity days 
and 0.8 fewer bed-disability days per year than did children in 
families with two smokers. Children in families with one smoker 
were in between. Acute respiratory illness accounted for the 
difference in disability days among children in families with 
different smoking characteristics. Family smoking was also measured 
by the combined number of cigarettes smoked by adults; children in 
families which smoked 45 or more cigarettes a day had 1.9 more 
restricted activity days and 0.9 more bed-disability days due to 
acute respiratory conditions than did children in families who did 
not smoke cigarettes. The age of the child, the number of adults 
in the family, the education of the family head, and the family 
income were all controlled and did not eliminate the relationship 
between children's health and family smoking. 
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Abstract: Recent studies have indicated higher 
rates of certain respiratory conditions among children 
who live in households with adults who smoke ciga- 
* reties. This paper analyzes data from the 1970 Nation¬ 
al Health Interview Survey. £h»ldren in families with 
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a^acute respiratory conditions tiia&tfid children inC 


^the inumber of adults in the 
* 4nntDy head, and the family 

dmn^^a^an?fam3y smokii 
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Introduction 

It has been fairly well accepted that a person's cigarette 
smoking is hazardous to histor health. Recently there has 
been concern that cigarette smoking could adversely affect 
the health of nonsmokers exposed to the fumes.* If such a 
relationship exists it should manifest itself by comparing the 
health of children in smoking and nonsmoking families. Pre¬ 
vious studies have been inconsistent. Some have reported 
that children from families with smokers were less healthy 
than children from families with no smokers,while others 
failed to uphold this relationship. 1 The National Health In¬ 
terview Survey (NHIS) provides a large national probability 
sample to test the relationship of children's health to ciga¬ 
rette smoking by adult family members, and this paper will 
report an analysis of NH1S data. 

Materials and Methods 

The 1970 National Health Interview Survey collected 
data about smoking and health characteristics from a proba¬ 
bility sample of about 37 ,000 households in the civilian, non- 
mstrtutionalized population of the United States. Data were 
weighted to reflect the probability of selection, adjusted for 
household nonresponse, and further adjusted to reflect Unit¬ 
ed States Bureau of the Census population estimates for age- 
race-sex categories. Standard errors for most statistics were 
calculated using balanced, half-sample replication.* The 
multivariate analysis was made using the FUN CAT proce- 
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dure of SAS (Statistical Analysis System)^ whh an adjust¬ 
ment for weighting and clustering of children in households 
approximating the method suggested by Choi. 7 Further de¬ 
tails of the survey, sample, and methods of estimation are 
available.• 

Data were collected during personal interviews by per¬ 
sonnel of the US Bureau of the Census. Adult household 
members responded for themselves, for children, and for 
nonpresent adults. Data about smoking were collected for 
persons 17 years of age and over. Data about illness and in¬ 
jury during the two weeks prior to interview were collected 
for all ages. 

Two measures of cigarette smoking in the child's envi¬ 
ronment were used: number of smokers 17 years and over, 
and number of cigarettes smoked by all persons 17 years and 
over, combined. It was assumed that the greater the number 
of smokers in the family, the greater the amount of cigarette 
smoke to which the child was exposed. Similarly, it was as¬ 
sumed that the greater the combined number of cigarettes 
smoked by the family, the greater the amount of cigarette 
smoke to which the child was exposed. Data on cigarette 
smoking for every family member 17 years and over were 
available for 98.5 per cent of the children in the study. Data 
on the number of cigarettes smoked for every adult family 
member were known for 95 J2 per cent of the children. Chil¬ 
dren were excluded from the analysis if the smoking charac¬ 
teristic of any adult member was unknown. 

Health of children was measured along two dimensions: 
effect of illness and type of illness. Total restricted-activity 
days were any days that children cut down on their usual 
activities for all or most of the day because of illness. Bed- 
disability days were a subset of total restricted-activity days 
in which the child stayed in bed for all or most of the day. All 
conditions included any acute illness, chronic illness, acci¬ 
dent, or injury that resulted in disability days. Acute respira¬ 
tory conditions included only those conditions with an onset 
within three months of interview and classifiable into the In- 
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CHILDRENS HEALTH AND FAMILY SMOKERS 


TABLE 1—Per Cent of Children end Days of Disability by Type of Condition, by Smoking Characteristic* of the Family: Children Under 
17 Yaar* of Age, United Stales, 1970 




AN Condition* 

Due to Acute 

Respiratory Condition* 

Not Due to Acute 
Respiratory Condi son* 

Smoking 

Characteristics 

Ot Family 

Per Cem 

ot 

CNWran 

Tors' 

Restricted 

Ad i/rty 

Days 

8ed 

Days 

Tout 

Restricted 

Actr/rly 

Days 

6ed 

CXsabibty 

Days 

Tola' 

Restricted 

Acti/ity 

Days 

6ed 

Disability 

Days 

All 

100.0 

94 

44 

4.5 

28 

49 

2:0 

Number c* smokers 

17 years anO over 
None 

37 J 

91 

4.0 

4.1 

21 

4.9 

2.0 

1 

37.4 

93 

4 4 

44 

24 

4.9 

2 1 

2 or more 

248 

10.2 

4.6 

58 

27 

48 

2 1 

Average Number o( 
Ggarettes per Day 
Less than 1 

39.3 

91 

41 

4 1 

21 

4.9 

2.0 

1-14 

137 

87 

4.4 

42 

24 

4.5 

20 

15-24 

18 6 

9.2 

4.6 

4.4 

2.4 

4.7 

2.2 

25-34 

8.5 

11.2 

5.5 

57 

3 1 

6.5 

24 

35-44 

10.0 

97 

37 

42 

1.9 

5.6 

18 

45 or more 

99 

106 

5 2 

6.0 

3.0 

4.5 

2 1 


lemational Classification of Disease 1 * code numbers 460-486, 
501. 508-516, 519 and 783. but excluded certain conditions 
always considered chronic (e.g., asthma, hay fever, tubercu¬ 
losis, repeated attacks of sinus trouble, and allergy). Res¬ 
piratory conditions have been most often linked with ciga¬ 
rette smoking and constitute a substantial portion of the ill¬ 
nesses of all children. It was expected that family smoking 
would show a greater relationship to acute respiratory illness 
among children than to other types of illness. 

Results 

In 1970, 37.8 per cent of children 0^16 years old lived in 
families with no adult smokers, 37.4 per cent lived in families 
with one smoker, and 24.8 per cent lived in families with two 
or more smokers. Table 1 shows that the average number of 
restricted-activity days per year increased with the number 
of adult smokers In the family The difference of 1.1 days a 
year between children in non-smokJng families and children 
in two- or more-smoker families (I * 2.85) supports the hy¬ 
pothesis that family smoking adversely affects the child's 
health. A similar relationship was found for bed-disability 
days. Children in two- or more-smoker families spent an av¬ 
erage of 0.8 more days in bed each year than did children in 
non-smoking families (t * 3.10). 

* h >P° lhe * i2e<l »* cute respiratory illness showedJ£ 

^ll|p^!tlkmsh^p with family smoking than did other can* 
ditionfTChildren in two- or more-smoker households aver¬ 
aged 1.2 more days of restricted-activity due to acute res¬ 
piratory conditions than children in non-smoking families 
(t - 4.41). There was no difference in the number of restrict¬ 
ed-activity days due to conditions other than acute respira¬ 
tory between children with differing numbers of smokers in 
their families. Similarly, family smoking was related to dif¬ 
ferences in bed-disability due to acute respiratory conditions 
but not to bed-disability due to other types of conditions. 

AJRH March 1B61. Vd. 71. No. 3 


In 1970, 39.3 percent of children lived in families where 
no one smoked or where smoking was rare enough to aver¬ 
age less than one cigarette a day among all adult members 
combined. At the opposite end, 9.9 per cent of children lived 
in families that smoked 45 or more cigarettes combined The 
number of cigarettes smoked had a less consistent relation¬ 
ship with children's health than did the number of smokers. 
Although the number of total restricted-activity days did not 
uniformly increase with increased family smoking, children 
from families where 45 or more cigarettes were smoked each 
day had 1.5 more restricted-activity days than did children 
from families that smoked less than one cigarette per day 
(t - 2.73). 

Bed-disability days of children showed an increase with 
family smoking except for the anomalies at 25-34 and 35-44 
cigarettes. When only acute health conditions were consid¬ 
ered, the relationship of children’s health and adult smoking 
was more consistent. Children in families smoking 25-34 
cigarettes a day still showed a higher rate of illness than 
would be expected if there were a continuous increase, and 
those in families smoking 35-44 cigarettes had a lower rate of 
illness. Even with those exceptions to the hypothesized pat¬ 
tern, it was generally found that the more cigarettes smoked 
by the family, the more days of illness the child had. How* 
ever, the relationship was only noticed for acute respiratory 
conditions and not for other types of illness. 

For both measures of illness—restricted-activity days 
and bed-disability days—for all conditions and for acute res¬ 
piratory conditions, there were greater differences in illness 
by family smoking when smoking was measured by the num¬ 
ber of cigarettes per day then by the number of smokers. 

Smoking is related to many factors, and perhaps some 
of the relationships observed between smoking and chil¬ 
dren's illness was due to smoking and illness being related to 
the same externa) factors. Age of the child, number of adults 
in the household, family income and education of the head 
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TABLE 2—Av*r»g« Number of Restricts*Activity Days Due to Acute Conditions by Number of 
Adult Smokers In the Family, by Selected Characteristics Of the Child Of Family: 
Children under IT Years of Age, United States, 1270 



Numt*f of 

ChtkVen 


Number of Smokers 17 
Year* end Over 


Characteristics of 

Popotabon 

Estimate 

(000): 




Civic or F amity 

Semple 

Tcu* 

None 

1 

tor more 

All* 

66,711 

39,791 

4.5 

4.1 

4.4 

53 

Age ot Child (years) 

Under 6 

21.682 

12,675 

6.8 

54 

6.7 

67 

6-11 

24,756 

14.610 

4.0 

3.7 

3.7 

6.0 

12-16 

20:272 

12,306 

3.7 

3.2 

39 

43 

Number c* Persons 

17 Years and Over 

1 

6.788 

3,979 

4.6 

56 

39 

... 

2 

43,630 

26.095 

46 

4.0 

4.4 

56 

3 or more 

16,974 

9,674 

43 

3 1 

41 

4.8 

Family Income 

Under $5,000 

11,259 

6,675 

4 3 

5 2 

4.5 

55 

15.000*19,999 

24.139 

14,438 

43 

37 

3.9 

5.7 

$10.000* $14,999 

17,233 

10.241 

4.6 

4 4 

4.7 

4.6 

$15,000 or more 

9.772 

5,890 

4.5 

3.2 

53 

54 

Education of Head 

0-11 years 

26,530 

15,842 

4 5 

37 

44 

53 

12 years 

22,326 

13.397 

4 4 

4 4 

3.9 

54 

13 or more years 

16,937 

10.022 

4.7 

4 2 

5.1 

54 


induces cf«kJr#n where smoking status o< e hoosehokS edJjtt was unknown 

b »nciudes chtiOrfn where family mcome o* education of the head was unknown, or where there was no family ■ 
member 17 of age or over 


were all examined (see Table 2) to see if they affected the 
relationship between adult smoking and child health. Only 
one measure of health and one of illness was used (average 
number of restricted-activity days due to acute conditions), 
but the same results would be expected from the other mea¬ 
sures. Age of the child did not affect the direct relationship 
between restricted-activity days and the number of smokers 
in the household The relationship alio held for households 
having two adults and for households with three or more 
adults. For the one adult households, the relationship dif¬ 
fered, with 5.8 restricted-activity days due to acute respira¬ 
tory conditions for children in nonsmoking one-adult house¬ 
holds and 3.9 days for children in smoking one-adult house¬ 
holds. 

The relationship of more smokers in the household with 
more restricted-activity days due to acute respiratory condi¬ 
tions was observed at most levels of family income and edu¬ 
cation of the head. The exceptions were for children whose 
family incomes were less than $5,000 and children whose 
family heads graduated from high school, among whom few¬ 
er restricted-activity days were observed where there was 
one smoker than when there were none. 

. Controlling for a number of background variables ind»v 
ftduaily did not eliminate the relationship of household 
poking and children's healtlL A Jog-linear model for cate¬ 
goric data analysis w as used to simultaneously control for all 
the variables. Table 3 shows that the numbers of cigarette 
smoking adults in the family had a significant relationship 
with whether or not the child was restricted in activity due to 


illness in the preceding two weeks independent of the other 
characteristics. The additive model fit sufficiently well that 
interaction terms were not included. 

Discussion 

Analysis of data from the 1970 National Health Inter- 
View Survey found that children in households with adult 
cigarette smokers had more days of total restricted-activi¬ 
ty and bed-disability than did children in households with po 
Cmokeri. In general, the more cigarettes smoked, the greater 
the days of illness. The differences in disability days were 
due to acute respiratory disease, and could not be explained 
by differences in children's ages, family income, education 
^Of the family head, or the number of adults in the household 

The few anomalies in the data do not invalidate the gen¬ 
eral hypothesis. The high illness associated with children of . 
families smoking 25-34 cigarettes a day was observed for * 
conditions other than acute respiratory and therefore may 
have nothing to do with the level of smoking The low level 
of illness of children from families smoking 35-44 cigarettes 
a day may also indicate some type of statistical artifact. If £ 
tingle grouping of 25-44 cigarettes were made, fhc number of 
Jpu! restricted-activity days due to acute respiratory condi¬ 
tions would be 4,9 with the number of bed-disability days 

These figures fit nicely into the hypothesized relfition 
•tup of increasing illness with increasing family smoking In 
Table 2, all the figures that did not fit the hypothesis were in 
the one-smoker column. The low level of illness for the one- 
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CHILDREN'S HEALTH AND FAMILY SMOKERS 


TABLE 3—ChL*qu»rt Vatues for the Independent Additive Effects by Source on Restricted Ac¬ 
tivity of the Child in th* Previous Two Weeks by Source of Effect 


Source 

Degrees 

o< 

**eedom 

Unadjusted CN-eguare 

Adjusted Cfe-equare 

Unweighted 

Weighted 

Urwegtaed 

Weighted 

Intercept 

1 

7067.25 

10,854,036 

•533.63* 

•236.42* 

0 o# Smokers 

2 

1334 

23.827 

6.6T 

7 . 10 * 

Education of Haad 

2 

44.00 

03,826 

2245* 

27.07* 

Family Income 

3 

728 

13,884 

3.64 

4.13 

# o< Adults 

2 

2 59 

13,056 

1.29 

4.16 

Age of Child 

2 

3.72 

1,803 

1.36 

0.50 

Re* dual 

271 

1J1 

580,148 

—- 



*S*g^>cam at N 0.06 itvti 

smoker families was most prominent in the single aduh fami¬ 
lies. Sm* king single adult families might be sufficiently dif¬ 
ferent hom nonsmoking single adult families in demographic 
characteristics related to health of children to give rise to the 
observed relationship. 

The mechanism for the relationship between adult 
smoking and child health was not investigated. The cigarette 
smoking of adults could directly affect the susceptibility of 
the children to respiratory disease by decreasing their lung 
functioning. Cigarette smoking by adults could also affect 
children's health by increasing the children's contact with 
disease if the smokers themselves have a higher incidence of 
disease. Speizer. et al, found clustering of respiratory illness 
among household members, but found smoking was greater 
in households without clustering of illness.* 0 Lebowhz and 
Burrows found that while respiratory symptoms in children' 
were related to smoking habits of adults in the household, 
the relationship did not hold when symptoms in adults were 
controlled.' On the other hand, Tager, et al, found an in¬ 
verse dose-response relationship between pulmonary func- 
tior of children and the number of smoking parents in the 
household. 2 5 The findings of this paper do not suggest the 
mechanism of the effect, but do support the hypothesis that 
there is an effect. 

It could be that aduh smoking increases the probability 
of the child smoking, and it is the smoking of the child rather 
than the adult that affects the child's health. Tager, et al, 
found that the effect on the pulmonary function of children 
was predominantly due to parental smoking and was inde¬ 
pendent of the use of cigarettes by children.* Smoking of 
children was not measured in the National Health Interview 
Survey, but the age of the child was found to have no effect 
on the relationship of adult smoking and child health. If it 
were the child's smoking that affected health, there would 
only be a relationship between adult smoking and older chil¬ 
dren’s health, The data showed a relationship for all three 
age groupings of children, being at least as strong among 
children under age 6 as among children 13-16 years of age. 

Other factors that could have a relationship with chil¬ 
dren's health and with aduh smoking were not investigated. 
For example, if children in rural areas spend more time out¬ 
doors. they might not be as affected by aduh smoking. This 
would not mitigate the relationship discussed in this report, 
however, and might strengthen the observed relationship if 


controlled. In a preliminary analysis, the size of the urban 
area was found to have no effect on the relationship between 
the number of aduh smokers and restricted-activity days in 
children and was investigated no further. 

This study, using cross-sectional data, offers no direct 
proof that aduh smoking adversely affects children's health, 
however, the findings from this large, representative 
Atonal household survey suggest a causal relationship.' A 
number of factors which could have given rise to a spurious 
relationship were controlled and not found to eliminate the 
relationship. The data support the findings of others t^at 
cigarette smoking by adults adversely affects the health 
children in their families. 

REFERENCES 

]. Huber GL: Smoking and nonsmokers—What it the issue? N 
Eng] J Med 1975 , 292:858-859. 

2. Tager IB. Weiss ST, Rosner B and Speizer FE: Effect of paren¬ 
tal cigarette smoking on the pulmonary function of children. Am 
J Epidemiol 1979. 100:15-26. 

3. Tager IB, Rosner B, Tishler PV, etal: Household aggregation of 
pulmonary function and chronic bronchitis. Am J Rev. Respir 
Disease 1976, 114:485-492. 

4. Colley JRT: Respiratory symptoms in children and parental 
smoking and phlegm production. Br Med J 1974. 2 201-204 

5. Lebowrtz MD and Burrow B Respiratory symptoms related to 
smoking habits of family aduhs. Chest 1976. 69:48-50. 

6. SAS Institute Inc: SAS User’s Guide, 1979 Ed Raleigh. NC¬ 
SAS, 1979. 

7. Choi JW, McHugh RB: Analysis of categorical data m weighted 
cluster sample surveys. Proceedings of the section of Survey 
Research Methods, in press. American Statistical Association, 
I960. 

S. Wilder MH: Current Estimates from the Health Interview Sur¬ 
vey. United States—1970. Vital Health Slat (10); 72, National 
Center for Health Statistics. USDHEW. 1972 

9. National Center for Health Statistics: Eighth Revision Inter¬ 
nationa) Classification of Diseases. Adapted for Use in the 
United States. PHS Pub, No. 1693. Washington. DC. Govt 
Printing Office, 1967: 

10 Speizer FE. Rosner B and Tager I: Familial aggregation of 
chronic respiratory disease: Use of National Health Interview 
Survey data for specific hypotheses testing Int J Epidemiol 
1976,5:167-172. 


ACKNOWLB OGMENTS 

An earlier version of this paper was presented at the American 
Public Health Association Annual Meeting in New York City , No¬ 
vember 1979. 


AJPH March 1081, Voi 71, No. 3 


203 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 


2023382847 





14 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023382848 





Love, G.J., Lan, S.P., Shy, C.M., Struba, R.J. "The Incidence and 
Severity of Acute Respiratory Illness in Families Exposed to 
Different Levels of Air Pollution, New York Metropolitan Area, 
1971-1972" Archives of Environmental Health 36(2): 66-74, 1981. 

ABSTRACT: The incidence and severity of acute 
respiratory disease was studied in families in three New York 
communities with different ambient levels of S0 2 and particulate 
air pollution. Upper, lower, and total respiratory disease rates 
in fathers, mothers, and school children tended to be higher in 
the communities with higher pollution levels. Similar higher rates, 
however, were not observed among preschool children. Regression 
analyses were used to adjust rates for socioeconomic status, 
parental smoking, chronic bronchitis in parents, and possible indoor 
pollution resulting from the use of a gas stove for cooking. After 
these adjustments the community differences were still significant 
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communities, nor was it possible to attribute the excesses to 
current levels of exposure or to a residual effect of previous 
higher exposure concentrations. The fact that young children did 
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ABSTRACT. The Incidence and severity of acute mptratory 
disease was studied in families m three New York communi- 
tie* wah different ambient levels of S0 2 and particulate air 
pollution. Upper, lower, and lota! respiratory disease rates 
In fathers, mothers, and school childrerf tended to be higher 
In the communities with higher pollution levels. Similar 
higher rates, however, were not observed among prAchool 
jphfldrrh. Rrgrrwon analyses were used so adjust rates for 
'socioeconomic status, parental smoking, chronic bronchitis 
Ip parents, and possible indoor pollution resetting from the 
use of a gas stove for cooking. After dies* adjustments the 
community differences were still significant (/* < J01), for 
^4choolch9dren. The Indoor pollution related to gas stoves 
was a significant covariate among children. The effects of 
smoking were Inconsistent. It was not possible to attribute 
the higher rates observed to any specific pollutant, since 
both SO, and particulate matter levels were higher In the 
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high pollution communities, nor was it possible lo attribute 
the excesses to current levels of exposure or lo a residual ef¬ 
fect of previous higher exposure concentrations. The fact 
that young children did not follow the pattern suggests the 
Utter. It was concluded, however, that current or previous 
exposures to the complexity of air pollutants In New York 
City was at least partially responsible for increased inci¬ 
dences of acute respiratory disease. 


THE INCIDENCE AND SEVERITY of acute respira¬ 
tory disease was studied in New York families exposed to 
different concentrations of air pollution during the 1971- 
1972 school year. The study concentrated on respiratory 
infections because their high incidence and associated dis¬ 
ability ranked them as a major public health problem. 1 A 
number of studies in different parts of the world have 
shown an association between the incidence of acute 
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respiratory disease (ARD) and exposure to elevated con¬ 
centration* of Ambient air pollution. 

In England the incidence of ARD wav found to be 
associated with weekly maximum concentration* of sulfur 
dioxide (SO,) and smoke,* (the peak 24-hr mean concen¬ 
tration* of both pollutants often exceeded 750p( f m 9 and 
were thu* higher than those occurring since 1970 in the 
US) and in France, daily variations in SO,, smoke, and 
temperature were all observed to be associated with the 
onset of ARD in workers,* although temperature appeared 
to be the movt important of !hc»e three exposure variables. 
In Ontario, Canada, hospital admissions tor ARD wen tig- 
nificantfy correlated over a ) 2-monih period with an index 
of ambient air pollution based on measured concentrations 
of SO, and particulate. 4 This association remained after 
adjustment for the effects of temperature. It wa> not pos¬ 
sible to separate the impact of SO, or particulates in any 
of these investigations, as illness was correlated with both 
factors. 

Several studies have shown associations between air pol¬ 
lution concentration and ARD in children. Dougla* and 
Waller* and Lunn ct al.* found higher incidences of LRD 
in children living in more polluted areas of England and 
Wales, respectively. In the latter study, rates of upper 
respiratory disease (URD) also were increased. Both of 
these investigations provided evidence of the importance 
of socioeconomic sutus as a potential confounding factor 
m such studies. Again, neither of the investigations pro¬ 
vided sufficient avrometric data to permit evaluation of 
specific types or concentrations of pollutants associated 
with the increased illness rates. A second study by ILunn 
ei al., 7 after a 4-yr period of improv ing air quality, showed 
that the differences in the incidence of respiratory illness 
were no longer significant. 

In the United States, rates of ARD and days of restricted 
activityand rates of lower respiratory disease (LRD)* 
were shown to be positively associated with measured 
annual mean levels of total suspended particulates (TSP), 
suspended sulfate CSS), and SO,. Hammer et a!. 10 studied 
retrospectively the occurrence of acute lower respiratory 
disease in children M2 yr of age residing in the same com¬ 
munities used in the investigation reported here. These 
authors found higher rates of croup, bronchitis, and “any 
lower respiratory disease** among white and black children 
residing in communities with higher concentrations of par¬ 
ticulate matter, SO,, and suspended sulfate. Difference in 
family sire, crowding, parental smoking, and use of gas 
stoves for cooking could not explain the excesses. Other 
studies in the United States found high correlations 
between the incidence of respiratory illness tasting 7 days 
or more among female industrial workers and sulfation 
rates. 11 ' 1 * and associations between daily absence rates 
among white collar workers and daily pollution concen¬ 
trations. 1 * Higher rates of respiratory illness were also 
observed in children and parents living in an area with 
high NO, pollution, 14,11 although no association was 
found bet ween weekly absence rates among elementary 
school pupils and weekly mean oxidant concentration. 14 

Previous studies have reported increases in ARD, par¬ 
ticularly LRD, to be avsociated with exposure to elevated 
ambient concentrations of SO, and particulates, but have 
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been unable to attribute the increases specifically to either 
pollutant. In most instances, the concentrations exceeded 
those that frequently occur in metropolitan areas'of the 
United States today. More recent studies have, however, 
suggested that some fractions of the TSP, possibly suv^ 
pended sulfate, may be more important than cither SO, 
or TSP. 

The current study was undertaken by the U:S. Environ¬ 
mental Protection Agency in 197) as part of a major 
effort to provide information relevant to the adequacy of 
Air Quality Standard*. Publication of the information hav 
been delayed because, after lengthy con>ideration, it »a> 
determined by the regulatory agency that analysis and 
interpretation of the data collected should be done by an 
independent group. The relevance of the data has not 
diminished in the interim, however, since few, if any, simi¬ 
lar studies have been undertaken since, and because air 
quality standard* have continued to be a controversial 
topic among scientists, industrialists, and environmental- 
•tU. In addition, current pressures to curtail the dependence 
of the United Slate* on foreign sources of oil tend to 
intensify the need to review all available information con¬ 
cerning the potential impact of possible alternatives. 

There are two obicctivcs of the present study: (1) to 
test the hypothesis that the frequency and/or severity of 
ARD would be higher in more polluted communities, and 
(2) to investigate the importance of other known covarta- 
blc*-singly and in combination. These include socioeco¬ 
nomic status, as indicated by educational attainment of 
the head of the household or crowding in the home, as well! 
*y smoking, the presence of chronic bronchitis in parents, 
and the use of gj* stoves. 

METHODS AND MATERIALS 

Selection of study communities and participants. Two 
New York City metropolitan communities-the West¬ 
chester section of Bronx and the Howard Beach section of 
Queens-were selected to represent areas with pollution 
resulting from both urbanization and industrialization, as 
these had significant concentrations of both TSP and SO,. 
Rivcrhcad* an eastern Long Island town, was chosen as a 
“low” pollution comparison community. Atrometric data 
gathered in 1970, showed that collectively, these three 
communities formed a pollution “gradient’' with respect 
to particutate matter and SO,. 

Families were recruited in each area to participate in a 
prospective study of acute respiratory illness. Classroom 
lists from individual public elementary schools identified 
candidate families and provided addresses. Each family 
from these lists was requested to participate, and when 
agreement was obtained, a questionnaire pertaining to 
demographic and personal characteristics was administered. 
Refusal rates were very tow (< 5%), although accurate 
doc u menu lion was not main uinedt The only restrictions 
placed on the selection of families were (a) each must have 
had at least one child in elementary school, (b) must hav^ 
lived within 2.4 km of an air monitoring station, (c) have 
lived at the same address for at least 1 yr, (d) have no plans 
for moving during the subsequent year, and (e) have a 
telephone in the home. Approximately 250 families were 
recruited in each area during the summer of 197). Some 
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of the’families had also participated in a previous EPA 
study of ARD. n 

Assessment of air pollution exposure. Monitoring sites 
woic *♦*«!»*> the tops of buildings approximately 10 m 
j» . . ». 4.1 K vi *. This was done to provide for continuity 

•viilnK terminations of exposure in previous EPA studies in 
these areas. 11 The New York City Department of Air 
Resources was also monitoring pollutants at the same sites, 
which provided useful data for comparative purposes. 

Daily 24-hr samples were collected at each site for total 
particulate matter (TSP) in high volume samplers; respir¬ 
able particulate matter |R$P (defined as particles with a 
diameter C 3.5 pm)]! in cyclone separators; and S0 2 in 
bubblers analyzed by a modified Wcst*Caeke method 
Strips of the high-volume filters were used to determine 
concentrations of water soluble sulfates (turbidimetric 
method employ ing a spectrophotometer) and water soluble 
nitrates (automated colomctric method). 

Collection of health data. Prior to the initiation of the 
study, interviewers were selected and given 2 or 3 days of 
intensive training in methods to solicit information by 
telephone. Throughout the study, interviewers were mon* 
(tored regularly by the supervisor to insure that techniques 
were not altered; interviewers were routed among the 
study subjects so that only on rare occasions was a family 
contacted by the same interviewer two consecutive times. 

Beginning in October 1971 and continuing for 16 con¬ 
secutive 2-wk periods, interviewers contacted each family 
by telephone biweekly to ask about acute respiratory ill¬ 
ness experienced during the previous 2 wk. Whenever pos¬ 
sible, information was obuined from the mother or guar¬ 
dian, but on some occasions, the next of kin wav queried. 
Accurate documcnution was not maintained, but it is 
estimated that the frequency with which someone other 
than the mother provided information represented < 2% 
of the interviews. During the interview, the following 
Information was collected for each member of the family: 

(a) any new illness, (b) fever, (c) respiratory involvement, 

(d) days of restriction of normal activity, (e) physician 
consultation, (f) physician diagnosis of an ear infection, 
and (g) day of onset of symptoms. Each reported disease 
was classified as upper respiratory disease (URD) if symp¬ 
toms were limited to head cold, sinus or post-nasal drip, 
ninny nose, sore throat, or dry, nonproductive cough. The 
lower respiratory disease (lRD) classification was assigned 
whenever symptoms included bronchitis, pneumonia, 
croup, chest cold, productive cough, or asthmatic symptoms. 

The information requested pertained to asthmatic symp¬ 
toms because it was believed that it would be understood 
better than "wheezing,** Since any individual reported ini¬ 
tially to bean asthmatic was eliminated from the analysis, 
it is not believed that this question could have biased the 
results seriously. None of the illnesses were verified clin¬ 
ically. The reliability of the dau collected was verified 
once via a second interviewing of a random sample of fami¬ 
lies several days after the original call. The same questions 
were asked at these re-interviews by an interviewrr who 
had not contacted the family previously. 

DaU analyst. The first 2-wk study period was treated 
as a developmental activity and dau were not included in 
the study. Only families who participated for 7 or more 


of the remaining 15 study periods were considered in the 
analysis; this group was further divided into residential^ 
suble and mobile families. A stab If family was defined 
arbitrarily as one living at the same residence for at least 
5 yr. Analyses were limited further to the white families, 
since the percenuges of non-whites varied from area to 
area. Comparisons were then made among the three com¬ 
munities of URD and LRD rates per 100 person weeks for 
observations of fathers, mothers, and preschool (age D5) 
and elemenury (age 6-12) school children. An illness ratio 
was derived for each individual as: (number of illnesses 
re ported/ number of weeks of participation) X 100 * illness 
rate per 100 person weeks. Each individual had three 
disease indicators: lower respiratory illness rate, upper 
respiratory illness rate, and all respiratory illness rate. 

These individual illness rates were used as the dependent 
variable in multiple linear regression analyses. 

Illness rates for groups were obuined by averaging the 
illness rales for all individuals within the group. Suiistical 
significance of the group differences were determined by 
standard t tests. The average number of days of restricted 
activity, as well as the percent of illnesses prompting physi¬ 
cian visits, were also compared. 

Other factors that might affect the incidence of respira¬ 
tory illness were considered m the analyses, including 
smoking habits of parents, crowding, educational sutus, 
bronchitis in parents, and use of gas stoves. The importance 
of these factors was assessed by stratification and by the 
use of multiple linear regression analysis. 

In the multiple regression analysis, a square root trans- 
formation was made for the illness rates-to meet more 
adequately the sutistical assumptions. Indicator (or 
dummy) variables were developed for the independent vari¬ 
ables, including community , education, crowding, gas 
stove, smoking, and bronchitis. Analysis of variance ublct 
were constructed to evaluate the effect of each of the inde¬ 
pendent variables on the illness rates. The interaction terms 
of smoking X bronchitis, and smoking X crowding also were 
examined for their significance. These variables were tested 
by the sequential F test, with the community effect as the 
last variable to be entered in the model. The other variables 
were entered in the following order: education, crowding, 
gas stove, smoking, bronchitis, smoking X bronchitis, and 
smoking X crowding The significance level for the rejec¬ 
tion or null hypotheses was set at .01 (Le., a * .01). 

The distribution of illness rates are inherently skewed 
to the left. But, the analysis of variance through multiple 
regression method used in this study Is robust because a 
Fixed Effect Model was adopted, and the sample sizes for 
the communities were large and approximately equal. The 
square root transformation tended to reduce the effect due 
to uil-cnd cases. For a detailed discussion, see Neter and 
Wasscrman 17 and Kempthronc. 1 * 


RESULTS 

Air pollution exposure concentrations. Among the three 
study areas, the Riverhead populations were exposed to 
tower concentrations of all pdlluunts than were those in 
Howard Beach and Westchester. Annual mean concentra¬ 
tions of TSP, as indicated by the EPA measurements, were 
about 40% of the ambient annual air quality standard of 
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TabHr l.-Mtiuxtmnli* •(Suspended hnicvliti and SO ? Air Puliation in 1971 and 1972 

ISP 


__ 



19 f “2 

1 

Annual 

Geometric 

Meant 

Plumule* o< 24*hr 
Means 

90th 9$»h 

Annual 

Geometric 

Mean 

Pcr*.enttlet of 24-hr 
Meant 

90th 95th 

Riverhead 

50.S 

55.4 

64.1 

32.1 

$9.2 

70.1 

Howard Binh 

$9 0 

lOt 3 

115.5 

55.3 

91.1 

109.0 1 

SulihCkUi 

794 

13S.6 

168.8 

71.7 

150:4 

170.7 i 

RSPt 







ftnrrhcad 

21.2 

68 3 

77.5 

21:5 

$26 

60.7 

; Howard Be ac h 

32 6 

66 5 

72.8 

2b.4 

56.1 

70.3 

ScvtcKniir 

42 6 

76.1 

88.5 

34.3 

72.6 

95.4 

55 







Riverhead 

15 

19.2 

22.1 

9.4 

19.2 

22.8 

Howard Eka«.h 

n.6 

21.9 

29.2 

11.0 

21.5 

2b-6 

WcfrUhrsur 

12 5 

24.7 

31.6 

11.4 

23.3 

28.6 

5N 







Riverhead 

1.3 

3.1 

5.0 

1.0 

3.0 

4.1 

Howard Beach 

2.6 

6.9 

9.9 

1.8 

5 2 

7.3 

Wevtchckiicr 

2.9 

9.1 

11.3 

1.9 

5.2 

6.9 

so. 







Rncrhead 

22.91 

53.3 

73.5 

71.61 

54.6 

71,1 

Howard Beach 

34.7i 

104.3 

121.3 

37.5a 

73.1 

99 9 

Hrsuhcvur 

5I.4J 

124.4 

154.7 

49.5 J 

104.6 

147.1 

NOTES: TSP « total tutpended patikulatet; RSP * 
• wv perwk J niirates. 

*Mcavurrmtnit txpttvwd as rt^mV 

1RSP data in 1971 arc lor July to December only. 
J Annual arithmetic mean. 

respirable suspended panicwlatrs: 55 

* ivtpendid tulfilti;and SN 


75pg/m* in Riverhead; 76% of ihc standard in Howard 
Beach; and slightly exceeded this standard in Westchester 
(Tabic 1). Data collected by the New York City Depart¬ 
ment of Air Pollution Control surest that these measure¬ 
ments may have systematically underestimated the actual 
ambient exposures by 10-30%. This difference is also in 
agreement with the findings of a Congressional Investiga¬ 
tive Committee. ,f The sulfate and nitrate measure men is 
were also subject to similar (but smaller) errors of under- 
measurement. Table 1 also displays 90th and 95th per¬ 
centile concentrations, which show that populations were 
sometimes exposed to significantly higher concentrations 
of these materials than the mean values would indicate. 

The concentrations of R5P, suspended sulfate, and 
suspended nitrite, generally followed the same gradient 
as did T5P. in 1971, however, the indicated 90th and 95th 
percentiles for R5P in River head exceeded those in Howard 
Beach (Table 1). Exposure to particulate pollution is likely 
to be overestimated for Westchester residents because the 
monitoring station for this area was located in a commer¬ 
cial area having heavy motor vehicle traffic, while study 
participants lived in the adjacent residential neighborhood 


with leu traffic. The Howard Beach and Riverhead mon¬ 
itoring stations were situated in residential areas. 

Annual mean concentrations of SO a (Table 1) were 
about 22 pg'm J in Riverhead, 35 pg/m* in Howard Beach, 
and SOpgfm* in Westchester-still evident of an exposure 
gradient-but only 2S%, 44%, and 63%> respectively, of 
the annual air Quality sundard for $O a of BOpg/m*. 
Measurements of NO* made in 1974 by an accepted 
method (arsenite) suggested that none of the concentra¬ 
tions exceed the annual air quality standard of VOOpg/m*. 

Demographic and personal characteristics of study pop¬ 
ulations. United States Census data for 1970 indicated 
that there were differences in the source populations from 
which the study groups were drawn. Median annual income 
for the Riverhead census tracts was <110,000, about 
911,000 for Westchester, and >912,000 for Howard 
Beach. Non-white individuals constituted 9% of the River¬ 
head population, 5% in Howard Beach, and only 1% in ^ 
Westchester. In Riverhead^ Howard Beach, and Westchester, 
54%, 48%, and 61%, respectively, of the source population 
older than 24-yr of age, had less than high school educa¬ 
tion. The specific study population showed similar differ* 
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Table 2.-Characteristic! of SiaMe Families Only M Study Population 

• 



Percenugn of Household Studv Population 


Riverhead Howard leach 

Westchester 

More than one person 
per room 

21 

10 

24 

1 Head of household with 1 

less than high school 
education 

>0 

23 

H 

Gas stove for cooking 

44 

H 

99 

I Cigarette smoAerv 1 

Mothers 

35 

42 

44 

Fathers 

44 

4$ 

47 

White 

79 

99 

91 


ences in the character it tics measured, but usually of less 
magnitude (Table ?). These differences are adjusted for in 
the analyses, or are controlled by limiting the study group 
to members of white stable families who were reported to 
have no asthma, heart or king disease, and who reported 
no extensive occupational exposure to dust These selec¬ 
tion procedures limited the study populations to 42%, 47%, 
and 49% of the candidate study populations in Riverhead, 


URD LRD TOTAL ARD 



FATHERS 



SCHOOL CHILDREN 



oto 



PRESCHOOL CHILDREN 
P *rvt» MC*D 

CP H0»4*0 KXCM 

■■ ftsi CHCSTfft 







Fig. 1. Reipiratory lines* ram per 100 rmon ••tkiifHvmHon 
In whiu Ha Me families exposed to different W«tlt of air poSution. 


Howard Beach, and Westchester, respectively. 

Among the 1982 study subjects included in the analy¬ 
sis, average participation during 15 2-wk study periods was 
more than 97%, Participation exceeded 90% for each study 
period. 

Illness frequency and severity. In a reliability check for 
illness reporting, 95.3% of an original sample of 1,035 
individuals was reintrrviewed. In this second interview, 2 
of the 64 families originally reporting a new illness, now * 
reported no new illness, and none of the negative replies 
were changed, thus yielding a concordance of 99.6%. 

With only minor exceptions, higher rates of respiratory 
illness were reported for each family segment in West¬ 
chester and Howard Beach, than for those in Riverhead 
(Fig. 1). In most instances the rates for Howard Beach were 
higher than those m Westchester, and did not conform to 
the indicated pollution gradient A larger percentage of 
the ARD epispdes in Howard Beach and Westchester 
reported a physician visit than did those in Riverhead, sug¬ 
gesting chat the residents of the higher pollution areas, in 
addition to experiencing more illness episodes, also more 
often felt that an episode was serious enough to warrant 
An examination by a physician. In Riverhead^ the percent¬ 
age of total ARD associated with physician visits ranged 
from 7.62 for mothers to 17.59 for preschool children. 

The combined data from Howard Beach and Westchester 
Indicated that the percentage for individual family seg¬ 
ments ranged from 4.94 to 8.40% higher than those in 
Riverhead. 

The percentages of the various population segments 
experiencing no respiratory illness were consistently higher 
in the low pollution area, and ihc percentages experienc¬ 
ing more than two illnesses during the study period were 
consistently lower in the low pollution area. Tp* occor- 
rtnee of smoking or chronic bronchitis in parents was not 
^associated consistently with higher rates of respiratory iW- 
iRtss in children. 
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Table J.-Multiple Linear Rtptiwon of Rates of URD. LRD and Total ARD on Education, 

Crowding. Smoking, Bronchitis. Gas Cooking, and Residence among Mothers. fathers. School 
Children, and freschool Children in New York, 1971*1 972 

Main Effect 

df 

URD 

F Values 

LRD 

Total ARD 

Mvfhrrj | 

lijrtwon' 

7,473 

1.04 

2.42 

3.141 

Education 

1.473 

SI 3 

0.00 

13.451 

Crowding 

1,473 

0.57 

0.30 

0.01 

Us stove 

1.473 

0.44 

0.24 

0.01 

Smoking 

1.473 

0.22 

0.02 

0.01 

Bronihim 

1.473 

0.60 

4.41 

3.99 

Riverhead n. Howard Beach 

1.473 

0.15 

2.31 

2.72 

Riverhead vs. Westchester 

1.473 

0.59 

0.21 

1.04 

Howard Beach vs. Westchester 

1.473 

0.36 

0.94 

0.25 

I hthtn I 

Regression* 

7.455 

2.03 

3.561 

4.77t 

Education 

1,455 

4.32 

14.03 1 

11.671 

Crowding 

1,455 

0.10 

0.U 

0.76 

Gas stove 

1,455 

0.29 

0.0 T 

0.06 

Smoking 

1.455 

7.9 If 

0.04 

2.16 

Bronchitis 

1,455 

1.03 

4.6T 

4.35 j 

Riverhead vs. Howard Beach 

1.455 

0.24 

3.25 

4.91 

Riverhead vs. Westchester 

1.455 

0.11 

0.32 

0.91 

Howard Beach vs. Westchester 

1.455 

0.01 

2.01 

1X5 

I Uhooi CHi/dftn 1 

Regression* 

7. BIT 

4.27f 

7.071 

9.421 

Education: 

1.111 

7.161 

21.171 

25.091 

Crowding 

1,111 

1.19 

7.651 

5.69 

Gas stove 

1. SI V 

6.26 

1.34 

4.04 

Smoking 

i.su 

0.10 

4.23 

2.66 

Bronchitis 


4.52 

0.10 

1.17 

Riverhead vs. Howard Beach 


0.771 

13.491 

21.21t 

Riverhead vs. Westchester 

i.iii 

4.54 

15.311 

15.261 

Howard Beach vs. Wesuhester 


0.43 

0.24 

0.55 

] FrtuhOO* Ct»t*rrn j 

Regression* 

7,211 

3.711 

2.56 

4.971 

Education 

1.211 

0.05 

1.04 

2.21 

Crowding 

1,211 

16.271 

0.64 

7.67 

Gas stove 

1.211 

1.13 

0.57 

9.211 

Smoking 

1.211 

0.01 

0.36 

0.63 

Bronchitis 

1.211 

1.19 

5.21 

6.10 

Riverhead vs. Howard Beach 

1,211 

0.13 

0.40 

0.05 

Riverhead vs. Wesuhester 

1,211 

2.15 

0.26 

0.22 

Howard Beach vs. Wesuhester 

1,211 

1X3 

0.02 

0.31 

* Significance Indicates an adepoatc fit of the model, 
tSignificant ax JH level (for 2.73. foe 1 df, f ^ 6*76)j 




Table 3 provides the results of the multiple linear repress 
lion of the rates of upper and lower ARD on education, 
crowding smoking (or parental smoking), bronchitis (or 
parental bronchitis), pas stove, and residence (Riverhead 
vs. Howard Beach, Riverhead vs. Westchester, and Howard 
Beach vs. Westchester) among the four groups of study 
individuals: mothers, fathers, school, and preschool ch^ 
dren. Inclusion of interaction terms had very littk effect 
on the indicated association of higher illness rates with 


Howard Beach and Westchester. In addition, the community 
effect changed very little when it was determined before 
or after controlling for the effect of the other factors. As 
indicated by the significance of the f value for the overall * 
regression, the model teems adequately fitted to the data. 
Educational attainment was an important factor in deter¬ 
mining ARD rates < .01). Crowding appeared as an 
Important factor among children, especially for LRD 
Among school children and for URD among preschool 
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Children. Smoking in the family was shown lo be a signifi¬ 
cant variable ai ihc P<.0\ level only for URD in fathers. 
Use of gas stoves for cooking was associated with signifi¬ 
cant (P<.0t) increases in tout ARD in preschool children, 
but since the number of families without gas stoves In 
Howard Beach and Westchester was very small, this con¬ 
trast must apply almost exclusively to the Rivcrhead popu¬ 
lation. Statistically significant (P < .01) increases in ill- 
nesses in Howard Beach or Westchester, when compared 
with River head, were found only among the school chil¬ 
dren. Among this group, both Howard Beach and West¬ 
chester had significantly more LRD and total ARD. In 
Howard Beach w^ificantly more URD was observed as 
welt. 

The relative ARD attack rates derived after adjusting 
for the effect of education, crowding, smoking, bronchitis, 
m parents, and the use of gas stoves for cooking (Tabic 4) 
agreed, in general, with the unadjusted data, except for 
the preschool children^ More frcQvent illness among ihc 
other population segments is associated with residence in 
the more polluted areas. The higher rates in Howard Beach 
than in Westchester remain, but the magnitude of ihc difi 
fetenccs is greatly reduced among school chit dr cm 

DISCUSSION 

The rtsuits support the hypothesis of an air pollution 
effect to the extent that incidence rates of ARD were lower 
in Rivcrhead, the tow pollution area. The data confirmed 
Ihc results of the earlier study of ARD in New York* in 
which higher illness ram were typically observed m Howard 
Beach and Westchester. Although most acromeiric meas¬ 
urements suggested that pollutant concentrations were 
somewhat higher in Westchester than in Howard Beach, 
ARD rates did not follow this gradient. 

The differences observed in the present study art of 
less magnitude than those found one year earlier and 
could represent an improvement in health status associ¬ 
ated with improving air quality. It seems more likely, how¬ 
ever, that the primary source of difference is the more 
conservative analysis method used for this report. The one 
argument that might be made for the possible effects of 
improved air quality is seen in the rates for preschool chil¬ 
dren (Table 4). This roup historically was exposed to less 
pollution than were their older siblings, and the possible 
benefit may be observed in the lower adjusted ARD rates 
for this roup in Howard Beach and Westchester than in 
Rivcrhead. This represents a distinct contrast to the rela¬ 
tive attack rates for the other population segments. The 
• results of the prospective study reported here, and the one 
conducted a year earlier, are in agreement with the retro¬ 
spective study of Hammer et al. f that showed higher rates 
of LRD to have occurred in the higher pollution areas from 
1969 through 1971. - 

Associations between air pollution and ARD might be 
affected both by the intensity of the exposure concentra¬ 
tions* which must vary considerably among the individuals 
of a study population, and by the inherent susceptibility 
of each individual included in the population. The data 
collected for this study suggest that in the high pollution 
areas, not only did the more susceptible individuals experi¬ 
ence more frequent illnesses, but that some factor-pos- 


iibly air pollution-increased susceptibility in a general 
manner, so that increased percentages of the populations 
experienced at least one illness 

Itis possible that physician visits could relate more'to 
economic factors than to illness severity; however, it is 
believed that the selection of the specific study popula 
tions minimifed this potential bias. In this regard, higher 
reported illness rates are frequently associated with higher 
socioeconomic status, particularly as indicated bv greater 
educational attainment of the head of household, a fair 
indicator of economic status. Riverhcad ranked intermedi¬ 
ate to Howard Beach and Westchester in this respect, ind>- 
eating no significantly lower economic status for the 
Riverhcad study group. 

The location of the air monitoring station adjacent to a 
roadway with heavy traffic could have increased the quant 
titles of air pollution (particularly TSP) collected at thr 
Westchester site and explain to some extent why illness 
rates did not follow the indicated pollution gradient. Data 
to support this speculation arc not available, however. 

Factors other than air pollution that might have influ¬ 
enced Ihc incidence of respiratory illness were examined. 
These included smoking, other indoor pollution, occupa¬ 
tion, socioeconomic status, climate, and bronchitis in 
parents. 

Smoking in the family was not identified as an impor¬ 
tant variable, but was controlled in the regression analysis. 
Other indoor pollution, possibly NO, produced by the 
combustion of gas in cooking stoves might have caused 


Tabic 4.—Relative ARD Attack Ram Dented afiet Adiu«m*«t 
lot Education, Crowding, Smoking. Bronchitis in Parents and Die 
•f Cat Slot tt 



URD 

LRD 

Total ARD 

Hothtrs 

It Ivor head 

1.00 

1.00 

1.00 

Howard Beach 

0.97 

1.21 

1.11 

Westchester 

1.11 

1.05 

1.01 

I Foihtn 

Riverhcad 

1.00 

1.00 

1.00 

Howard Beach 

0.91 

1.21 

».i* 

Westchester 

1.07 

1.09 

1.09 

I ichoot thitdrrn 

River head 

1.00 

1.00 

1.00 

Howard Beach 

1.17* 

l.H* 

1.27* 

Westchester • 

1.09 

U4* 

1.22* 

I Pnuhoot thttfrtn 

Riverhcad 

1.00 

1.00 

1.00 

Howard Beach 

0.99 

O.IS 

0.19 

Westchester 

T31 

0.11 

1.02 


•^<.01 
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incrcjtcvtfl rcipirnocy illness, 20 butihis factor wu also 
ccmnulkd by ihc regression analysis. Occupational expo¬ 
sure was nut thought to be important, since persons with 
potcntialK ngnific ant occupational exposure (4 c ,i of study 
tnJmdujIs) were eliminated from the study population 
after the initial interview. There were differences between 
study communities on socioeconomic status as indexed by 
crowding, however, the regression analysis was adjusted 
for this factor, and indicated that it was important only 
among the two poups of children. An effort to control 
climate av an important factor prompted the selection of 
communities in the same geographic region. Annual mean 
rainfall did not differ among communities, but annual 
mean temperatures were one or I wo degrees lower in River- 
head than in the other study communitys. aj 

Finally, although the results of this study art suppor¬ 
tive of an air pollution effect, the possibility that there 
may be other significant urban factors cannot be ignored 
Riserhead is farther from the center of the New York City 
metropolitan area than are the other area*, and is, con¬ 
sequently, the feast urban of the study sectors. H is possible 
that lifestyle factors associated with less urban stress reduce 
the reported incidence of ARD. This study wa* not designed 
to evaluate this variable as a risk factor for ARD. Census 
data did show differences among the source populations 
from which the study poups were drawn. 15 It must be 
emphasised, however, that the study populations were 
selected groups and therefore not comparable to the census 
tract populations. 

If community differences in air pollution levels were 
responsible for the observed higher rales of ARD in Howard 
Beach and Westchester, the relative excels attributed to air 
pollution appears to be almost as Urge among adults as 
among children. 

Since the levels of air pollution exposure in Howard 
Beach and Westchester during the period of this study 
were probably below the U.S. primary air quality standards, 
it might be concluded that adverse health effects still occur 
in areas where air standard* are no longer exceeded. The 
authors do not believe that this conclusion is warranted. 
First, as previously mentioned, the values of particuUte 
air pollution reported in Table t underestimate by 10-30% 
the particulate pollution mcasurtd at the same place by 
the Ideal New York City air monitoring network. Second, 
the readinp of S0 2 obtained by the standard West-Gaeke 
method have recently been shown to be affected by 
temperature extremes and by the time interval between 
sample collection and analysis. 23 These other variables 
were not recorded during this saidy. In the opinion of the 
authors, the numerical data for air quality, given in Table 
1, are useful in demonstrating that there were quantitative 
differences in ambient air quality between the three study 
areas. But shortcomings in the quality of these data pre¬ 
vent the attributing of observed disease excess to any 
absolute value* for these pollutants. Furthermore, not all 
potentially important air pollutants were monitored, e.g., 
photochemical oxidants. Since all measured pollutants 
were shown to have higher levels in Howard Beach and 
Westchester than in Riverhead, it is not possible to attribute 
disease excess to any one of the pollutants exclusively, if 


indeed the effect can be attributable to measured air 
pollutant*. 

Eisenbud documented a dramatic improvement in air 
Quality in New York City between 1965 and 1972, 34 as 
measured in terms of SO a and particulate matter concen¬ 
trations. It is possible that, if ambient air pollution was 
responsible foe the observed ARD excess in Howard Beach 
and We*iChester, the documentation of thivexcess during 
the 1971-1972 school year might be evidence of a residual: 
effect of the high pollution levels that existed from 1965- 
1968. The lack of evidence of a community ef fect among 
preschool children in this study supports the suggestion 
that current exposures were not hazardous. 

The authors conclude that some of the observed excess 
ARD in Howard Beach and Westchester is attributable to 
the complex urban air pollution of New York Cuy;:othcr 
potential risk factors have been considered and were con¬ 
trolled in the analysis. It is recognized, however^ that the 
conclusion about air pollution may be confounded by 
lifestyle difference* between the highly urbanized Howard 
Beach and Westchester communities and the "small town” 
environment of a community on eastern Long Island: We 
also cannot attribute the observed ARD excess to the 
absolute levels of air pollution recorded during the study. 
We believe that a follow-up study of these populations is 
warranted, now that the air quality of the region has 
reached a relative plateau during the past 6 to 8 yr. Like¬ 
wise, the technology now exists to monitor personal air 
pollution, and such data would be extremely useful in 
diminishing some ol the bias due to mivclasvificaiion of 
exposure stains that invariably affects epidemiologic stud¬ 
ies of community air pollution. 


Submitted for publication December 5, 1910; revised, accepted 
for publication January 14, !9tL 

Requests for reprints should be addressed to: Cory J. Love, 
Sc.D. (H>|), Department of Epidemiology, School of Public 
Health, University of North Carolina at Chapel Hill. Chapel Hill. 
Horth Carolina 27514. 
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4. OdMj H. Baht B. \Y»tts)ein*e» L_ Ability of kpiro* 1. Wabelmseo 1_ Ttbbhn G. Tobacco smoking in fifty: 
mnry. Ho**-volume cunn and ike wwy» dewing -year-old men. t Respiratory symptoms and venula- 

volume tru todrtect mwknv A popul a iiuo autK. *ury fc m rtiuu tests, brand J Respir Du- liffiti; 47: 

brand J Ropir Du 1977. 58. 80-96, 121-150 


/Wnwtai^ symptoms and pulmonary functional 
lists iwm; dhVrfrcn iff wr/d/ion fc Mr erw of 
residence 

Ekubet Jan< Camacho*, Pau Romero Colomer** 
k Jo*ep Liub Dial Bciom**. * Depart amem de 
Samtat i; Segumat Social, Gencraliiai de Can* 
luma. C/Arag6 208-210, Barrdcea ill), and 1 
••Qiuiai SanxUna de BeDviige, Serve* de rApart 11 
Respirators, CFeixa IJarga sfn, L'Hotpualet dt 
Uobrrpt. Barcelona. Spain 

We lave made an epiddniolugical study on a popoia- 
imi sample of 1131 Laobn children who liit iti two 
ditlcrrm residential arra>; #tM ;322 glib and 382 l»\k; 
from an industrial area in ihe greater Barcelona area, 
•dth considerable heavy traffic and mdmirtal pollu¬ 
tion, and 627 . 311 girl* and 316 buys,, from four rural 
areas tar from any focus of pollution. 

All children were bora between 1969 and 1971. 
Anamnestic data .previous diagnosis of asthma, bron¬ 
chitis, pneumonia and tubcrtukwk. number of colds, 
symptom* with colds, familial smoking habit* and 
parental expectoration, were collrcicd by means a *ell- 
administtred questionnaire -a modification of the ( 
MRC questionnaire, filled in by the parents. 

I)2i ansucT* to the questionnaire <84.4 V,. and 1(H2 
■eawlts of the functional tests .TBJ %'* were obtained. A 
MaiiuicaUt significant association bet seen diagnosis uf 
airway* disrate asthma or bronchitis^ and residence in 
urban area wa* observed fhCO.Oi, Xoa**ociation wa* 
found between the number of colds and the residential 
area, nor brtswadn cough accompanying colds and 
t es id em kl area. The presenc e of produc t i v e rough and 
esfctvrr with colds »a> significantly mure frequent in 
•he urban area .K0.01- . 

Parental smoking habits aad other family members' 
smoking habits were analysed. No diBrrTnee in the 
number uf cigarettes smoked daily in each area wa* 
observed, nor any association with the presence of 
children's bronchial symptoms or sith the history of 
airway* disease. 

A strung association between mother's phlegm and 
children's respiratory symptom* an observed 


0.001). No association between father'i phlegm 
and children's symptoms was found. 

A significant difference in the mean value of FYC 
and PEW between sexes was observed, therefore, we 
analysed both aexet separately in the following 

,rvc € 



I_ — 

U 13 *J U *i rn 



Li U U U tS *» 
CorrrUtiun between FVC and height, arrording to 
residential area and annual number of cold', l/pper 
graph refers to boys, lower graph refers to girls. Figures 
rtScr so mean «aluev±$ s.d. uf the slope <4 each 
correlation. 


\ 
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statistical analysis: childrrn living in the urban area 
showed a significant relative reduction ofFVCand 
FiA'i runrpiui-tJ with ciiikhvu living in tin rural arra 
/'CUO) and /‘COOUl... We also uhsrnrd a difference 
in height: children living m the rural area weir taller 
ihuii children iMdqr hn il*c uiisau area 

The analysis uf difference* betwern thr regression 
slope* of FVC and F£\'i on height showed a highly 
significant difference between the two area v The v alue 
of the slope of the regression in the urban area w*> 
lower than tl>e value of the slope in the rural area 
The same regression analysis wa* made concerning 
FYC and FEYi in relation to the other factors 
collected in the (questionnaire. A systematic association 
was only found with the number ofeoldv children who 
lived in the urban area and had frequent Colds, showed 
a significant reduction in the regression slope .'Fig 1>. 

Da tuts ion 

Significant differences were found in the development 
of retptratory function in relation to height Factors 
which seem to influence this relationship are residen¬ 
ts*/ area and the annual number of colds 

We did not find am difference when we compared 
the regression slopes of the FYC and FEV t , thus we can 
state that the number of colds and residential tarra have 
direct influence on the FYC This relative functional 
defect could be explained by a lower volume devetop- 
mcm. by a small airwave ol»truction or In a combina¬ 
tion uf lioth L iiionunately, we did loot measure slow 
vital 1 capacity, which could have allowed us to dis¬ 
criminate the role of each one of these factors. 

The fact which mostly determines differences be¬ 
tween the two art*» is industrial level. Therefore, air 
pollution might play a relevant role in determining a 


Could relationship 6etu,*m respiratory symptoms 
end lung function exist? 

Januw Hatus/ka. Institute for Mother and Child. 
Rabka Branch. Poland 

Ql. What is the physiological meaning of results of 
respiratory function tests and of answers to symptom 
questionnaires 1 

M*-i of the so-calkd lung function tests widely used 
in i ptdemioJogv. are in Uct not measuring any func¬ 
tion but simply lelWnmg changes in the physical 


different natural I history of lung disease. 

When symptoms with coldi were analysed, a higher 
frequency of ptucincme cough and whee/r ainung 
child)ert living in industrial areas could be seen 
However, the incidence of cold* is the same in the two 
areas: when each gioup of children is analysed ac cord¬ 
ing to the annual incidence olcolds, children living in 
the industrial area who get colds frequently, present a 
wxksc evolution of respiratory function tests in re la nun 
to their height. 

.Tstrong correlation between maternal productive 
cough and respiratory symptoms among children has 
been found While maternal smoking habits hav e been 
suggested as a possible cause of this association, our, 
study did not yield an association between maternal 
smoking habits and children's respiratory symptoms. 

.tak e iato accatiw But. tkoe diu ^gtr 
ttfSd by mean* of a sefcfiadmmis»e«ed quest 
4aiairff Therefore, as in mo»i cases the mot her: filled in 
questionnaire*, the association we found between 
maternal and children's productive cough could be 
due to the mothers' different interpretation of what is 
productive cough or phlegm 

Caar/aitanj 

In our study. residence in an industrial larea and the 
association of this withi the frequency of colds are 
associated with impairment of the development of 
pulmonary (unction Wr have also found an associa¬ 
tion, between maternal productive cough and chil¬ 
dren's bi u*k hiaI symptoms. 1 

Thr cum rib u non of thoe factor* u> the development 
mi a chronic obstructive lung disease in adult life must 
be evaluated by means of cohort studies begun in 
child Hood - 


properties of the lung*, which may in turn be influ¬ 
enced by other exti»-pulmonary organs and by pio- 
periies of the thoracic cage. 

Respiratory symptoms recorded as subjective an- 
sweis 10 standard questions have an even more compli¬ 
cated and ill-defined physiological meaning Each uf 
the symptom* can have muhiple causations. mt/M uf 
which have not been defined. In the field of rpice- 
miblbgv .it is particularly ea»y to allow othei factoi* to 
influence die physiological I meaning uf answers, given 
in quruionnuirr* lot example the lubjcciivity **l 
svmptom evaluation. intoned into pretit ion »>*' a 
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Dodge, Russell "The Effects of Indoor Pollution on Arizona Children" 
Archives of Environmental Health 37(3): 151-155, 1982. 

ABSTRACT. The respiratory health of a large group of Arizona school 
children who have been exposed to indoor pollutants-tobacco smoke 
and home cooking fumes-is reported. A significant relationship 
was found between parental smoking and symptoms of cough, wheeze, 
and sputum production. Also, children in homes where gas cooking; 
fuel was used had higher rates of cough than children in homes 
where electricity was used. No differences in pulmonary function 
or yearly lung growth rates occurred among subjects grouped by 
exposure to tobacco smoke or cooking fuel. Thus, parental smoking 
and home cooking fuel affected cross-sectional respiratory symptom 
rates in a large group of Arizona school children. Study of 
pulmonary function, however, revealed no lung function or lung 
growth effects during 4 yr of study. 
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The Effects of Indoor Pollution 
on Arizona Children 


RUSSELL DODGE, M.D. 
Assistant Professor of Medicine 
The University of Arizona 
Division of Respiratory Sciences 
Arizona Health Sciences Center 
Tucson, Arizona 85724 


ABSTRACT. The respiratory health of a brge group of 
Arizona school children who have been exposed to indoor 
pollutants-tobacco smoke and home cooking fumes-is 
reported. 

nuLi/m*' * y t r ijfivir vp*%vw|iff—w m 

-r*™,r r w^v. TO . Also, children in homes where gas cook¬ 
ing fuel was used had higher rates of cough than children in 
homes where electricity was used. No differences in pulmon¬ 
ary function or yearly lung growth rates occurred among 
subjects grouped by exposure to tobacco smoke or cook- 



Study of pulmonary 
function,however, revealed no lung function or lung growth 
effects during 4 yr of study. 


INDOOR AIR POLLUTION has been reported to 
adversely affect human health. While various occupational 
lung diseases have long been recognized as secondary to 
indoor pollution, more recent reports have concluded that 
the general population is also at risk from exposure to in¬ 
door pollution. 1 ' 5 ’ 4 * 11 Among the forms of indoor pollu¬ 
tion which may affect humans are tobacco smoke 5 and 
cooking fumes. 5 Children, because they are usually non- 
smokers, have been studied most frequently. Children of 
smoking parents have been observed to have more respirr 
atory symptoms and I6wer lung function than children of 
nonsmokers. 4 ** Similarly, children living in homes where 
fas is used as the cooking fuel have been reported to have 
nwe respiratory problems than other children. 4 


The results of studies of indoor pollution, however, 
have not been consistent. Some investigators have not 
found that parental smoking or home cooking fuel are im¬ 
portant determinants of childrens’ respiratory health] 7 * 1 
At present, these disparate findings are unexplained, but 
population or methodological differences in studies may be 
responsible. For example, children living in milder climates 
may be exposed to lower levels of indoor pollution than 
children in colder climates. Also, studies to date have been 
cross-sectional in nature, perhaps producing more variable 
results than longitudinal studies would. 

The author, therefore, chose to conduct a longitudinal 
study of Arizona children who were exposed to indoor 
pollutants, findings of which are reported herein. 


METHODS AND MATERIALS 

The subjects of this study lived in small communities in 
Arizona: Morenci, San Manuel; and Kingman. Morenci and 
San Manuel have large copper smelters at the edge of town, 
but Kingman has no such pollution source. A comparison 
of respiratory health of the children grouped by exposure 
to smelter smoke revealed no differences, except in the 
prevalence of cough. 9 

The communities had similar populations (range 4,000 
to 7,312) and elevations (range 3,300 to 4,000 ft). The 
most important demographic difference among the towns 
was the percent of the subjects who were Mexican 
Americans. Only 5% of the Kingman subjects were Mexican- 
American, whereas 40% of the San Manuel subjects and 57% 
of Morenci subjects were Mexican-American. Students, and 
parents of students, in the third or fourth grade in all 


May/Junc 1912 [Vol. 37 [Ho. 3)1 0003-M96/82/370Wn51»1.00 


151 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


99828CC202 


schools of Morenci and in one school each in San Manuel 
and Kingman were contacted. The schools in San Manuel 
and Kingman were selected because of relatively low out* 
mig ation rates. Iln 1978, 379 students were enrolled at the 
above-mentioned schools. 

In 1979, the students whose parents had declined to parr 
ticipate in 1978, and a new cohort of third graders in the 
same schools, were contacted. By the end of 1979, 676 stu¬ 
dents from these schools were participating in the study. 
The participation rate at the end of 1979 was 76.3%, i.e., 
€76 of the 884 students contacted in 1978 or 1979 were 
enrolled. According to the percent of students with Spanish 
surnames on school enrollment lists, study participation was 
roughly equal in the two ethnic groups. 

Enrolled subjects* parents completed questionnaires on 
enrollment in 1978 or 1979. The questionnaires contained 
sections concerning the subjects, their mothers, and their 
fathers. The majority (62.67%) of the parents completed 
follow-up questionnaires in 1980. 

A few subjects completed the foJJOw-up questionnaire 
only. The first questionnaire contained questions selected 
from the questionnaire of the Tucson Epidemiologic Study 
of Obstructive Lung Disease. 10 The follow-up version con¬ 
tained the same questions plus some new questions about 
home cooking and migration. Based on the parents’ respon¬ 
ses to specific questions on either the 1978-79 question¬ 
naire or the follbw-up one, prevalence rates for various 
respiratory problems were established. For example, it the 
response was YES to the question “Does he or she ever 
have wheezing or whistling in the chest?” the subject under 
consideration was listed among those with “wheeze.” 


questionnaire was administered to the 
students who were in the sixth grade in 1980. Questions 
about cigarette smoking and the symptoms of cough and 
wheeze were asked. No students reported daily cigarette 
smoking. 

Spirometry was performed on each child with either of 
two rolling dry-seal CPI spirometers. These two instru¬ 
ments were calibrated before each set of tests and were 
used all 4 yr with approximately one-half of the children 
using each one each yeaiv No efforts were made to select 
which children blew into which machine. A nurse-inter¬ 
viewer with extensive experience in pulmonary function 
testing and the author conducted the testing. Each child 
was seated, instructed on performing a maximum expiratory 
maneuver, and given nose clips. Each child then completed 
at least three maneuvers. Further efforts were obtained 
from children who did not produce a second best forced 
vital capacity (FVC) within 5% of their best FVC. The 
single best forced expiratory volume in one second (FEV 1>0 ) 
was used in the analyses. These values were corrected for 
barometric pressure and temperature. 

Of the 676 children who participated in the study, and 
who had the sections of the questionnaires completed about 
their health, 628 had all additional questions completed 
which asked about their parents’ health (Table 1). The dis¬ 
crepancy primarily reflects the number of single-parent fam¬ 
ilies in which questionnaires for a father were not complet¬ 
ed. Also, 419 children’s parents completed the 1980 ques¬ 
tionnaire, which asked about home cooking fuel (Table 2). 
Of the 676 subjects, 558 had both a satisfactory pulmonary 
function test result and questionnaire responses to ques- 



Table 1 .-Prevalence of Various Respiratory Problems In Subjects Grouped by Parental Smoking 


Parent Reports % with _ Child Reports % with 



N 

Asthma 

Wheeze 

Sputum 

Cough 

N 

Wheeze 

Cough 

Both parents smoke 

146 

7.6 

41.lt 

12.3t 

27.4* 

28 

21.4 

14.3 

Angio-whites 

VI6 

7.8 

42.2 

12.1 

24.1 




Me xi can-A men can 

30 

6.7 

36.7 

13.3 

40.0 




Adjusted rate* 

146 

IS 

40.0t 

12.0f 

27*8* 




One parent smokes 

185 

ss 

28.0f 

11-4t 

23.2* 

34 

1U 

5.9 

Angio-whites 

102 

7.9 

32.0 

10 J 

25.5 




Mexican-Amcrlcan 

83 

2S 

22.9 

12.0 

20.5 




Adjusted rate* 

185 

5.2 

27^f 

lost 

23.0* 




Neither parent smokes 

297 

4.1 

27.91 

8.71 

14.T* 

82 

8.1 

65 

Angio-whites 

168 

5.4 

31.0 

(5 

13.7 




Mexican-American 

129 

2.3 

24.0 

7.0 

14.7 




Adjusted rate* 

297 

4.1 

27.6t 

8.4f 

14.6* 





•The rates of cough are significantly different among comparable subjects ranked by parental smoking (P < .01 by trend chi 
square). 

|Thc rates of these symptoms are different among comparable subjects ranked by parental smoking (P < .05 by trend chi 
square). 

t Rate adjusted for differences in rates of pare nut smokers among areas of study. 
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lion* about parental smoking. The results of the testing of 
these subjects are displayed in Figure 1. A cohort of 120 
8-yr-olds, 163 9"yr-olds, and 87 10-yr-olds produced most 
of the results. These subjects all had at least three annual 
tests during the 4 yr of the study. Thus, among the test 
results displayed by age at testing in Table 1,120/171, 
277/365, 371/443, 307/356, and 192/209 of the tests 
(82.1%) were produced by the cohort with at least three 
annual tests. Other results are for subjects who had only 
one or two annual tests. 

Of the 676 subjects, 427 had at least one test result and 
questionnaire response to home cooking and were includ¬ 
ed in Figure 2. A cohort of 107 8-yr-oids, 134 9-yr-olds, 
and 79 10-yr-oids produced most of the results in Figure 2. 

In Table 3, only the 472 subjects who had (1) a mini¬ 
mum of two consecutive annual tests and (2) appropriate 
questionnaire responses to parental smoking and in the 
lower portion of the Table, the 407 subjects who had (1) a 
minimumiof two consecutive annual tests and (2) appro¬ 
priate questionnaire responses to home cooking are includ¬ 
ed. A cohort of 119 8*yr-o!ds, 162 9^yr-olds, and 87 10-yr- 
olds produced 89.5% of the data for subjects grouped by 
parentalismoking by undergoing annual testing at least three 
times. A similar, but slightly smaller cohort produced 92% 
of the data for, the subjects grouped by home cooking. 

Chi square, trend chi square, and analysis of variance are 
the statistical methods used in this report 11 


RESULTS 


Table 1 shows the rates of various respiratory symptoms 
and asthma in the subjects both overall and when grouped 
by parental smoking and ethnic background . ^sighjfi 


fj ?l f 


r€] r Because symptoms occurred 
more frequently in children from certain areas, 9 the rate of 


symptoms are also shown with an adjustment for the slight 
differences in the rates of parental smoking among the 
areas where children lived. Again, a significant trend occur¬ 
red. 


In an attempt to avoid the possible bias of smoking par¬ 


ents more readily reporting symptoms in their children 
than nonsmoking parents, a subset of older subjects were 
asked about cough and wheeze, the results of which are 
shown in Table 1. While the differences did not reach sta¬ 


tistical significance, children of smoking parents reported 
more symptoms than children of nonsmoking parents. 

Table 2 shows the rates of symptoms and asthma among 
the subjects grouped by home cooking fuel. The rate of 
cough was higher (P<.05 by chi square) in children who 
lived in homes where gas was used as a cooking fuel. In the 
Table, an adjustment for differences in home cooking fuel 
in the different areas of residence was made, as in the 
analysis of the effects of parental smoking, with little 
change in the rates. 


The results of pulmonary function testing in the child¬ 
ren are in Figures 1 and 2 and Table 3. The figures display 
FEV 1J0 vs. age at time of testing. Table 3 shows lung 
growth in the subjects who had at least two annual testings 
1 yr apart. Lung growth was calculated by subtracting 



Age at Testing 

8 

9 10 

11 

12 

No. of Subjects 

171 

365 443 

355 

209 


in Each Age Group 

Fig. 1. Luni Function in Subjects Grouped by Parent*! Smoking. 



Age at Testing 8 9 10 11 12 

No. of Subjects 

In Each Age Group 129 282 354 279 162 

Fig. 2. Lung Function of Subjects Grouped by Home Cooking 
Fuel. 


FEV lj0 /Height* for 1 yr from FEV^/Height* for the 
year before. The formula is: 

Lung Growth = FEV,^^ / (Height*..,)* 

- FEV,^ / (Height*.)* 

Parental smoking and home cooking fuel did not consistent¬ 
ly affect yearly lung function or lung growth: 
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Table 2.—Prevalence of Various Respiratory Problems In Subjects Grouped by Type of Home 3 

Cooking Fuel Used 1 



N 

Asthma 

Whet 2 e 

Sputum 

Cough 

Subjects with ps as home cooking fuel 

340 

4.7 

30.6 

10.3 

20.3* 

Adjusted mef 


4.4 

31.T 

10.1 

19.7* 

Subjects with electricity as home 

cooking fuel 

79 

3.8 

29.1 

3.8 

8.9 

Adjusted ritef 


3.1 

26.7 

4.7 

10.0 


•Rate of coofh k significantly higher In subjects with gas home cooking fuel (P < .05 by chi 
square). 

tRate adjusted for differences In rates of gas home cooking fuel among areas of study. 


Despite the higher rate of symptoms, however, these sub¬ 
jects had no impaired lung function or lung growth during 
the 4-yr study. Because of the population studied and the 
methods used, these result have limited application. 

The subjects studied do not represent the general popu¬ 
lation weIJi Roughly two-thirds of the children lived in 
Arizona smelter communities. The author has previously 
described that the smeher town children, who have been 
exposed to relatively high levels of sulfur dioxide have a 
higher prevalence of cough than other cfwidrwv, but com¬ 
parisons of other symptoms and lung function revealed no 
differences.* Still, smelter town children may be particu¬ 
larly hardy and resistant to the effects of tobacco smoke or 
gas cooking fumes. When the non-smelter town children 
were analyzed separately, the results did not differ quali¬ 
tatively from those when the entire cohort was analyzed. 
Socioeconomica! status differed when the children from 
different areas were compared, but the status did not affect 
symptom rates or lung function. Thus, the non-smelter, town 
children and smelter town children appeared to be similarly 
affected by the variables of parental smoking and home 
cooking fuel. 

The subjects were not randomly selected members of the 
communities. Approximately one-fourth .of the students 
eligible did not participate, and about 35% of those who 


did participate contributed only one or two acceptable 
yearly lung function tests. The subjects who participated 
for 3-4 yr^ then, may not be representative of the general 
population. 

The methods used also limit the application of the study 
results. N6 measurements of indoor pollutants were made, 
therefore, the relation of questionnaire information to 
actual exposures is unknown. Iln addition, the question¬ 
naires only asked about parental smoking. While the house¬ 
holds with two smoking parents averaged 5.2 persons per 
household, the same number as households with non¬ 
smoking parents, other smokers undetected by the question¬ 
naires may have been present or parents who smoked but 
did not live with the subject may have been absent Such 
persons would have blurred the groupings used in the prey 
ent analyses. 

Despite the above limitations, the study provides evi- 
dence that parental smoking and home cooking do not pro¬ 
duce serious respiratory problems in Arizona children. 

I! found, as have others, 4 that children of smoking par¬ 
ents have more respiratory symptoms than other children. 
To avoid parental reporting bias, 12 all the 1980 sixth grad¬ 
ers were asked about respiratory symptoms. While the 
differences did not reach statistical significance, they again 
suggested the children of smokers had more symptoms. 


Table 3.-Lung Growth of Subjects Expressed as FEVi^^j/lHeight^^j)* - FEV J>0ag< /( Height,^) 3 


Age Age Age Age 



N 

8-9yr 

N 

9-10 yr 

N 

10-11 yr 

S 

11-12 yr 

Both parents smok e 

22 

6-1.84* 

62 

63.40 

73 

6538 

47 

66.40 

One parent smokes 

41 

68.54 

87 

65.21 

94 

6430 

54 

68.07 

Neither parent smokes 

75 

64.94 

156 

6534 

145 

64.13 

90 

67.75 

Gas home cooking 

94 

65.68 

204 

65.13 

211 

64.19 

132 

67.71 

Electric home cooking 

29 

65.80 

49 

65.31 

46 

64.93 

23 

66.16 


•The lung growth is significantly different among the subjects 8-9 yr of age {P < .05 by ANOVA). 
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a* 


Also, in agreement with other investigators,* I found 
that children who lived in homes with gas as the cooking 
fuel coughed more frequently than the other subjects. 

The pulmonary function testing showed that neither 
parental smoking nor gas home cooking fuel adversely 
affected lung function or yearly lung growth. Tager et a!. 5 
reported decreased pulmonary function in children of 
smokers. Others have not found such differences. 7 Sim¬ 
ilarly, varied results of the effects of gas cooking have been 
reported. 4,7 To ensure that differences in height did not 
obscure differences in lung function among the subjects, 

I also calculated lung growth for each subject who had two 
or more tests. These results showed that with height cubed 
taken into consideration, lung growth was not affected by 
parental smoking or home cooking. Also, when initial lung 
function was taken into account, by calculating lung 
powth over the entire period of the study in subjects 
youped by initial FEV l>0> no differences in the various 
parental smoking or home cooking groups were found. The 
results of the present study are good evidence that these 


factors do not affect the lung function of children living in 
the southwestern United States, Indoor monitoring, now in 
progress, may confirm the suspicion that particulate and 
nitrogen dioxide levels are much lower in the highly ventil¬ 
ated homes of this region than in colder climates. 



Pcfitfdfrdh, these variables db not adversely affect lung 
function or growth. 
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ABSTRACT. This paper presents some of the results fromi cross- 
sectional analyses and studies during air pollution alerts obtained 
as a part of the Six-City Study, a longitudinal study of the 
respiratory effects of air pollution. These analyses illustrate 
some of the limitations and uncertainties of epidemiologic studies. 
For example, an earlier report noted increased respiratory illness 
rates for children living in homes where gas was used for cooking. 
A later analysis did not confirm this. Reasons for this are 
explored by using different criteria and variables to be controlled 
for. The results illustrate that the strength of the association 
between cooking fuel and illness was sensitive to the definitions 
of the variables and the number of subjects and city cohorts. 
Similar examples are presented for illness rates for four 
respiratory diseases: asthma, bronchitis, illness before age 2 
and illness last winter. These examples of cross-sectional analyses 
emphasize the ambiguities of studies of possible health effects of 
air pollution exposures close to the present ambient air quality 
standards. 
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The Six-City Study: Examples of Problems in 
Analysis of the Data 

by B. G. Ferris, Jr., * D. W. Dockery, * J. H. Ware, 1 F. E 
Speizer* and R. Spiro III* 


NOTICE 
ISIs mterial may be 
protected by ccpvright 
k* (Title 17 U-S. Code). 


This paper pretest* tome of the result* from cross-sectional analyses and studies 
during air pollution alert* obtained as a part of the Six-City Study, a longitudinal study of 
the respiratory effect* of air pollution. These analyses illustrate some of the limitations 
and uncertainties of epidemiologic studies. For example, an earlier report noted in¬ 
creased respiratory illness rates for children living in homes where gas was used for 
cooking. A later analysis did not confirm this. Reasons for this arc explored by using 
different criteria and variables to be controlled for. The results illustrate that the strength 
of the association between cooking fuel and illness was sensitive to the definitions of the 
variables and the number of subjects and city cohorts. Similar examples art presented 
for illness rates for four respiratory diseases: asthma, bronchitis, illness before age 2 and 
illness last winter. These examples of cross-sectional analyses emphasize the ambiguities 
of studies of possible bealth effects of air pollution exposures close to the present ambient 
air quality standards. 


Introduction 

This paper describes some results from cross- 
sectional analyses and studies during air pollu¬ 
tion alerts performed as part of the Six-City 
Study, a longitudinal study of the respiratory 
health effects of air pollution. These analyses 
illustrate some of the limitations and uncertain¬ 
ties of epidemiologic studies. We begin with a 
brief outline of the study design. 

The Six-City Study was designed to test the 
adequacy of the present federal standards for SO, 
and particulates, to develop data on the effects of 
small particles, to assess the representativeness 
of a central station as an index of exposure and to 
assess the effect of the home environment in mod¬ 
ifying exposure as indicated by outdoor levels. We 
planned to study primarily chronic effects but it 
was soon apparent that short-term fluctuations in 


air pollutants, particularly in Steubenville, of¬ 
fered the chance to study possible acute effects. 

The six cities studied were selected on the basis 
of their historical levels of pollutants to include 
dean dties, dties dose to the present standards 
for-SO, and particulates, and dties above the 
standards. The six dties selected are listed in 
Thble 1. The time of year that the dty was visited 
also is indicated. 

Methods 

Random samples of adults were selected for 
study in each city from various census lists that 
were available. We attempted to obtain 1500 
adults per city. The children selected were first 
and second graders. Additional cohorts of dut¬ 
iable I. Cities studied by pollution category and time of 
year. 


•Department of Physiology, Harvard School of Public 
Health, Boston, MA 02115. 

t Department of Biostatistics, Harvard Sc h oo l of Public 
Health, Boston, MA 02115. 

tChanning Laboratory, Department of Medicine, Harvard 
Medical School and Brigham and Women's Hospital and De¬ 
partment of Physiology, Harvard School of Public Health, 
Boston, MA 02115. 


City 

Season 

* Pollution category 

Portage, WJ 

Fall 

Clean 

Topeka, KA 

Spring 


Watertown, MA 

Fall 

Somewhat below standard 

Kihgston-Hamman, TN Spring 


St Louis, MO 

Fall 

Above standard 

Steubenville, OH 

Spring 
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dren were added in subsequent years from the 
new first grade and new additions to the grades 
under study until about 2000 children were en¬ 
rolled in each city. The adults were studied every 
third year and the children every year. Contact 
was maintained with the adult sample by mailing 
annual reports of the study. Respiratory health 
effects in both adults and children were assessed 
by means of a standard respiratory questionnaire 
and simple tests of pulmonary function. Smoking 
and occupational histories were obtained on the 
adults. Smoking habits'were asked of the children 
when they readied the fourth grade or at age 9 
years. Home characteristics such as air condition¬ 
ing, beating and cooking fuels and number of 
smokers in the home also were tabulated. 

Air monitoring was carried out in each city at a 
central site and at satellite sites in the commu¬ 
nity. Indoor and outdoor levels of a variety of 
'pollutants were measured at each aatellite site. 
Personal sampling was carried out to assess 
whether our modeling of estimated exposure has 
been reasonable. The pollutants and sampling 
methods are summarized in Thble 2. The continu¬ 
ous methods are calibrated by our own team as 
well as by the Environmental Protection Agency. 
EPA also makes quality checks on our analytic 
procedures at regular intervals. The collection of 
bubbler samples is organized to coincide with the 
regular EPA sampling schedule. A more detailed 
description of the study is given in a previous 
report Cl). 

Results 

Let us now look at some of the data and analy¬ 
ses and examine some of the problems we see in 
these analyses. 


Steubenville Alert Study 

In an attempt to quantify the impact of acute 
air pollution exposures on pulmonary function, 
we measured the pulmonary function of approxi¬ 
mately 200 school children in Steubenville, Ohio, 
before, during and following periods of high air 
pollution concentrations. 

In the fall of 1978, baseline measurements of 
pulmonary function were obtained on third and 
fourth graders between October 16 and 23. On 
November 5, total suspended particulate (TSP) 
concentrations reached 422 pgto* at the offices of 
the Northern Ohio Valley Air Authority 
(NOVAA) in Steubenville (Fig. 1). Because of 
previously determined criteria involving precipi¬ 
tation forecasting and levels of air pollution, 
NOVAA declared an ‘alert* The 24-hr mean sul¬ 
fur dioxide (SO*) concentration was 211 pg/m* on 
November 5 and climbed to 272 pg/m* on Novem¬ 
ber 6. The National Primary Ambient Air Qual¬ 
ity Standard for 24-hr concentrations of TSP is 
260 pg/m’ and for SO a is 365 pg/m*. The children 
were retested on November 6 and 7 and weekly 
for the next 3 weeks. Each child's pulmonary 



FlCUM 1. Fall 1978 alert. TSP concentration* measured at 
the NOVAA offices in Stuebenville. OH. Spiromeiric test¬ 
ing day* art indicated by squires. <B> * baseline. 1 A 1 - 
alert, iFl) » follow-up 1, tF2l - follow-up 2 and (F3» - 
follow-up 3. 


Tkble 2. 


• 

Pollutant 

Period 

Sampler 

Additional analysis 

Central site 

SOj.NOj.Oj 

1 hr 

Continuous 



S^NOj 

34 hr 

34 hr 

Bubbler 

Hi-volumt 

Sulfates 


Fine and coane 
particle** 

24 hr 

Dichotomous 

X-Ray fluorescence 


Mass respirable 

34 hr 

Cyclone 

Neutron activation 

Satellite (indoor 
and outdoor) 

particles* 

• SO* NO) 

34 hr 

Bubbler 

Sulfates 


Maas respirable 

34 hr 

Cyclone 

Neutron activation 

Ferros) 

particles* 

Mass respirable 

34 hr 

Cyclone 

Sulfate* % 

Sulfates 


particles* 

NO) 

7 d»y 

Palmes tubes 



•Tine* defined a* < 2-5 pm aerodynamic diameter, "coarse* defined as 2£-l5 pm aerodynamic diameter. 
*50% cut at 3.5 pm aerodynamic diameter. 
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miction measurements during the alert (A) and 
it follow-up tests (Fl, F2, F3) were compared to 
ieir own values during the baseline tests (B). 
rhus, sex and race are not considered in the 
inalysis. 

For those children seen on all five visits, FEV^ 
tveraged 12 mL lower at the alert and follow-up 
visits compared to the baseline values (Fig. 2). 
rhe mean FEV^ at the baseline measurement of 
these children was 1.686 L. At the first follow-up 
visit (FI), mean decline in FEV^ was 11 mL; in 
the second follow-up it was 15 mL; and in the 
third follow-up it was only 5 mL. As suggested by 
the standard errors about the mean, none of the 
declines reached a statistically significant differ¬ 
ence from zero at the 0.05 level. The trend in the 
differences is consistent with a decline in the 
FEV^ following the air pollution alert which 
may last several weeks. Other factors might have 
prevailed. We have examined the effect of levels 
of pollution on the day of the measurement and 
have explored the possibility that a few children 
could be driving the overall effect seen. We have 
also attempted to assess the effects of boredom of 
the children or the technicians. 

If we subtract from each FEV^ measurement 
the expected value for that child based upon a 
prediction formula using sex, race and height, we 
can correlate the residual FEV^ values with the 
daily pollution concentrations for the 24 hr end¬ 
ing at 8 A-M. of the morning of the pulmonary 
function testing. This analysis is sensitive to a 
very short-term effect, with recovery within 24 


hr. As seen in Figure 3, there is little correlation 
between mean residual FEV U and TSP concen¬ 
trations that day for this study. The correlations 
with the other pollutants, SO, and NO*, were not 
as high as that for TSP. 

The study was repeated in the fall of 1979. 
Initially, the intent was to examine the effect of 
repeated weekly measurements of pulmonary 
function without an air pollution episode. Base¬ 
line measurements were made in October. On 
November 16, a “sham* alert was declared, and 
the children were restudied. 

On November 20, TSP concentrations reached 
271 pg/m* and SOi concentrations reached 439 pg/ 
m*. Both values exceeded the 24-hr standard An 
alert was called. Children in school on November 
21, which was the day before the start of Thanks¬ 
giving vacation* were retested. All the children 
were retested weekly for the following 3 weeks. 
Differences in FEV ll0 compared to baseline (Fig. 
4) showed an increase on the sham alert day (S) 
and a decline following the actual alert. Although 
larger than the measured declines in 1978, the 
differences were not significantly different from 
zero at the 0.05 level for those children who were 
tested all six times. As in the 1978 alert, the 
FEV l0 residuals did not correlate well with the 
daily TSP, SO* or NO, concentrations. 

The following spring, in 1980* these same chil¬ 
dren were tested again in & sham alert for five 
consecutive weeks. FEV^ declined in a pattern 
very similar in shape and magnitude to that seen 
in the previous alert studies (Fig. 5). The air 



FlCUltr 2. Mean difference in FEV I C compared to baseline 
measurement for those children tested on all five riaiu in 
the fall 197S alert study. Vertical bars denote one standard 
error above and below the mean. 


100 


so 



.inn i * « « ■ ■* ■ * — 

o so too ISO COO *S0 SCO 

TSP UG/H*J 

Figure 3. M*u> rwidu*) FEVj 0 for «»eb d»y in the 

fall 1976 alert study plotted again** mean TSP concentra¬ 
tions for the 24 hr ending at 6 AM. for that day. The best- 
fit line, baaed on least equares weighted by the number of 
children tested each day, is also shown IR • 0.15). 
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visiu during the fall 1879 alert study. 

pollution concentrations, as illustrated by the 
daily mean TSP level (Fig. 6), were relatively low. 
The maximum TSP was 220 pg/m\ and the maxi* 
mum S0 2 was 169 fig/m 3 . This suggested that the 
observed declines might be a result of fatigue, or 
lack of interest by the children. On the other 
hand, there was a very high correlation between 
the mean residual FEV^, for each day and the 
TSP concentration in the spring 1980 study (Fig. 
7). 

In a further attempt to understand the changes 
in pulmonary function which had been observed, 
these same children were tested again in the fall 
of 1980 for five consecutive weeks (Fig. 8). During 
this period, TSP had a maximum concentration of 
159 jig/m 3 , and S0 2 a maximum concentration of 
166 pg/m 3 . FEV 10 again showed declines similar 
to those seen following the air pollution alerts. 
The correlation of daily TSP with residual FEV^o 
was fairly good {R* « 0.204). 

Discussion 

These four studies provide suggestive but in¬ 
conclusive evidence concerning the relationship 
between short-term changes in air pollution con- 



FlGUKE 5. Mtm difference in FEV, , compered to baseline, 
with standard errors, for those children tested on all five 
visits daring the spring 1980 sham alert 


centration and the level of FEV>*. Tbken to¬ 
gether, these children exposed to sudden in¬ 
creases of TSP and S0 2 concentrations near or 
above the current 24-hr standards had declines of 
1 to 2% in FEV t o. These changes are small rela¬ 
tive to sampling variability and are marginally 
significant. 

We also need to evaluate the medical signifi¬ 
cance of such changes in pulmonary function. 
That is, do they lead to a permanent effect?initial 
cross-sectional comparisons of the levels of pul¬ 
monary function show that Steubenville children 
have values comparable to those in the other 
cities in spite of presumably having experienced 
similar high, or higher, levels of short-term TSP 
and S0 2 peaks in the past. To reduce the poten¬ 
tially confounding effects of other factors, we are 
following these children prospectively to compare 
lung function development in these children to 
that in similarly aged children from other cities 
in which no such short-term peak exposures have 
occurred. 

Children’s Illness Prevalence 

The second set of analyses to be discussed de¬ 
scribes associations between illness rates for chil¬ 
dren living in the six cities and potential risk 
factors such as passive smoking or the use of gas 
cooking fuel. The following points will be empha¬ 
sised. First, the effects of environmental risk fac¬ 
tors on respiratory disease rates are sensitive to 
what may be termed the ‘style’ of analysis 
adopted. That is, different results may be ob¬ 
tained depending on: (a) definitions of the risk 
factors; <b) the composition and selection of the 
sample analyzed; and (cl the set of additional 
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Figure S. TSP coneentmUons for 24 hr measured in Steubenville during the spiring 1980 
sham alert with spirometric testing days indicated. 



FIGURE 7. Mean residual FEVj 0 for each testing day in the 
spring 1980 sham alert plotted against mean TSP concen¬ 
trations for the 24 hr ending at 8 A-M. for that day. 



FIGURE 8. Mean difference in FEV l 0 compared to baseline 
measurements and standard errors during the Call 1980 
sham alert study. 


variables included in the analysis. This sensitiv¬ 
ity will be illustrated in the analyses of the preva¬ 
lence of history of respiratory illness before age 2. 
Second, information will be presented on rates by 
city for four respiratory diseases: asthma, bron¬ 
chitis, illness before age 2, and respiratory illness 
last year. 

In a recent attempt to extend results reported 
earlier by our group (2) on the relationship be¬ 
tween prevalence of respiratory illness before age 
2 and cooking fuel, we repeated the analysis after 
including an additional four cohorts of children 
enrolled during 1978-1979. In this reanalysis, the 
association between illness before age 2 and cook¬ 
ing fuel was not statistically significant at the 
level ofp < 0.05. This led to a closer comparison of 
the two analyses to determine why the result was 
not more closely replicated. 


There was one obvious difference noted be¬ 
tween the original and the more recent analysis. 
In the original analysis the data from 10 city- 
cohorts were pooled over sex. In the recent analy¬ 
sis, data from 14 city-cohorts (an additional 1493 
children) were examined separately by sex. On 
closer examination, several other differences in 
variable definition were noted between the two 
analyses. In the first analysis, the cooking varia¬ 
ble contrasted homes using gas only with those 
using electricity only. In the more recent analy¬ 
sis, the cooking variable contrasted homes using 
some gas with those using any other fuel. In the 
earlier analysis, the smoking variable indicated 
whether anyone in the home smoked. In the later 
analysis, this variable indicated only maternal 
smoking. Finally, socioeconomic status (SES) was 
defined differently in the two analyses. In the 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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first, it was based on both parents’ education and 
occupation. In the second, it was based on a sim¬ 
ple average of the parents’ education. 

Ihble 3 gives the strength of the association 
between illness before age 2 and cooking fuel in 
various analyses conducted to investigate the dif¬ 
ference.' between the original result and the more 
recent analysis. Results are given for the pooled 
data and for boys and girls examined separately. 
For each analysis, the number of subjects is 
given, and the x* test with one degree of freedom 
for association between cooking fuel and illness is 
presented. Finally, Table 3 presents the probabil¬ 
ity value for each of the analyses. 

In analysis 1 in Table 3, reported earlier by us 
(2), the data from 5660 children in 10 city-cohorts 
were pooled over sex and analyzed. There was a 
significant relationship between illness and cook¬ 
ing fuel (p ** 0.01). Children from homes with gas 
cooking had higher rates of illness before age 2 
than did children from homes with electric cook- 
,-ing. When boys and girls were analyzed sepa¬ 
rately, the relationship between illness and cook¬ 
ing was significant for girls (p ■ 0.02), but not for 
boys (p ■ 0.20), though the direction of the associ¬ 
ation was the same in both groups. 

Analysis 2 was our initial reanalysis with the 
four added cohorts, and newly defined variables 
for SES, cooking foel, and household smoking. 
The association between cooking and illness be¬ 
fore age 2 did not achieve statistical significance 
cither for girls (p - 0.12) or for boys (p * 0.48); 
Because of this difference in the strength of the 
association, we believed it would be important to 
test individually now changes in the analysis 
affected the results. 

Analysis 3 is comparable to analysis 1, except 
that SES and the cooking variable were defined 


as in analysis 2. That is, it contrasted homes 
using any gas cooking with homes using electric¬ 
ity or other cooking fuels. Formerly the cooking 
variable had contrasted homes using only gas 
with homes using only electricity. In addition the 
definition of SES used parental education only. 
These changes added 167 children to the data set 
compared to analysis 1. For the data pooled over 
sex, the relationship between illness and cooking 
was significant (p * 0.04). When the data were 
stratified by sex and analyzed separately, the 
relationship between illness and cooking was sig¬ 
nificant for girls (p * 0.03), but not for boys (p ■» 
0.49). 

In analysis 4 we added the four new cohorts. 
SES, smoking, and cooking were defined as in 
analysis 2. For the data pooled over sex, the 
relationship between illness and cooking was sig¬ 
nificant (p “ 0.04). When the data were stratified 
by sex and analyzed separately, the relationship 
between illness and cooking was significant for 
girls (p - 0.04), but not for boys (p ■ 0.44). 

To explain the discrepancy between analyses 2 
and 4, we assessed the differences in the specific 
models used. In analysis 4, the effect of gas cook¬ 
ing was based on the original model used in 
analysis 1. It included an interaction term for 
city-cohort, smoking, and illness prevalence, but 
did not include an interaction term for SES and 
illness. In our new analysis (analysis 2) education 
and illness prevalence were significantly asso¬ 
ciated and there was no interaction between city- 
cohort, smoking, and illness. While the original 
model provided a satisfactory fit to the earlier 
data, it did not provide as adequate a fit to the 
enlarged data set as did a new model based on 
these data. 

These results illustrate several problems in ex- 


Table 3. Result* of sever*] analysis of the association between gas cooking and respiratory illness before age 2. 


Analytic 

S 

X* 

P 

1 Original data, original model 

Pooled 

5660 

6.70 

0.01 

Boys 

2936 

1.59 

0.20 

Girls 

2724 

5.26 

0.02 

2 Enlarged data set, new model* 

Boys 

3721 

0.51 

0.46 

Girls 

3433 

2.44 

0.12 

2 Original data, SES, cooking fuel redefined 

Pooled 

5627 

4.16 

0.04 

Boys 

3013 

0.47 

0.49 

Girls 

2614 

4.61 

0.03 

4 Enlarged data eet, SES, cooking fuel, smoking redefined 

Pooled 

7153 

4.13 

0.04 


3721 

0.61 

044 

Girls 

3432 

4.06 

0.04 


•Pooled analysis was not calculated. 
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pi oratory analysis. The strength of the associa¬ 
tion between cooking fuel and illness was only 
modestly sensitive to the definitions of the varia¬ 
bles lie., SES and cooking fuel), and to the num¬ 
ber of subjects and city-cohorts. The initial analy¬ 
sis based on 10 cohorts was significant (analysis 
1). The reanalysis with modified independent var¬ 
iables and additional cohorts was also significant 
fanalysis 4). A lesser association was found (anal¬ 
ysis 2) when parental education was included 
specifically in the analysis. This effect of model 
socioeconomic status (parameterized by parental 
education) is consistent with results reported 
from a similar study of children from western 
Pennsylvania (3), 

The second example of the sensitivity of the 
data to the style of analysis concerns our exami¬ 
nation of the illness rates in boys and girls. 

This is shown in the evaluation of illness rates 
_ for four respiratory diseases: asthma, bronchitis, 
* illness before age 2 and illness last year. The data 
were from 16 city cohorts (except for illness before 
age 2 which was based on 14 cohorts). Analyses 
were conducted separately for each sex, thus pro¬ 
viding a total of eight analyses (four diseases x 
two sexes). The risk factors considered in each 
analysis were: city, cohort, maternal smoking, 
~ age, parental education, and cooking fuel. Log- 
linear analysis was used to study the relation¬ 
ships between each disease and the risk factors. 
Both step-up and step-down analyses were per¬ 
formed, and where the results diverged, the sim¬ 
pler model was chosen. Details of this analysis 
. are presented elsewhere (4). 

Figures 9-12 present the standardized illness 
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Figure 9. Illness rates for bronchitis and asthma for boys by 
city and season. 


rates by city separately for boys and girls. The 
rates for each disease and for each sex were ad¬ 
justed by those risk factors shown to be signifi¬ 
cant [p < 0.10) in the analyses. For example, the 
rates were acjjusted for maternal smoking in all 
analyses except those for asthma in both sexes 
and for illness last year for boys. The boys* bron¬ 
chitis rate was adjusted by cooking fuel, parental 
education and maternal smoking. Fot bronchitis 
in girls, the rates were adjusted only by maternal 
smoking. For illness before age 2 in boys, the 
rates were adjusted for age as well as for mater¬ 
nal smoking. For illness before age 2 in girls, the 
rates were adjusted by parental education and 
maternal smoking. For illness last year in boys. 



CITT 


Figure 10. Ulne** rates for bronchitis and asthma for girls 
by city and season. 



CITT 

Figure XL. nines* rates for respiratory Alness before afe 2 
and illness last year for boys by dty and season. 
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FlOUltr 12. nines! rates for respiratory illness before sp 2 
end illness lest year for firU by dty and season. 


• the rmtes were adjusted by age. For illness last 
year in girls, the rates were adjusted by age and 
maternal smoking. The rates for asthma and 
bronchitis are shown in Figure 9 for boys and in 
Figure 10 for girls. The rates for illness last year 
and for illness before age 2 are shown in Figure 
11 for boys and in Figure 12 for girls. Although 
differences between cities for reported history of 
illness before age 2 varied according to year of 
enrollment for boys, the rates were averaged over 
dty to simplify the visual presentation. 

For all diseases except asthma in girls, dty was 
a significant factor. For asthma in boys, the dty 
with the highest rate was Kingston-Harriman. 
For bronchitis, the dties with the highest rates 
for both boys and girls were Steubenville and 
Kingston-Harriman. For illness before age 2, the 
highest rate for boys was in Portage, while for 
girls it was in Steubenville. For illness last year, 
the highest rates for both sexes were in Kingston- 
Harriman. Generalizing across the seven analy¬ 
ses, Steubenville and Kingston-Harriman had 
the highest illness rates and Watertown the 
lowest. 

Three dties (Portage, Watertown and St. Louis) 
were visited in the fall, and the others were 
visited during the spring. Because respiratory 
diseases are more common during the winter, and 
because a recent disease is more likely to be 
remembered than one a season or more earlier, it 
is revealing to examine the rates lor the dties 
grouped by season. With this in mind. Figure 9 
shows that bronchitis was higher for boys in the 
spring dties, and asthma shows little seasonal 
effect. Figure 10 shows that bronchitis was also 


higher for girls in the spring dties. Figures 11 
and 12 show that illness last year was higher in 
the spring dties. No trend was evident for illness 
before age 2. These data suggest that there is a 
bias in recall by the parents, with greater num¬ 
bers of events reported for those reporting closest 
to the winter season just passed. 

Maternal smoking was assotiated wit 



mothers smoked. 


Cooking fuel was related only to boys’ bronchi¬ 
tis. Boys in homes where gas was used for cooking 
had lower bronchitis rates than boys in homes 
using other cooking fuels. This is in contrast 1 to 
the earlier reported finding concerning illness 
before age 2 in which children in homes with gas 
cooking had higher rates than children in homes 
with other cooking fuels. 


Discussion 

These examples of cross-sectional analyses il¬ 
lustrate potential pitfalls in analyzing studies of 
possible health effects of air pollution exposures 
close to the present ambient air quality stan¬ 
dards. The analyses are sensitive to the sample 
composition and to the assumptions and variable 
definitions used In addition, there are many con¬ 
founding factors and the signal-to-noise ratio is 
small, so that even in relatively large studies, 
resolution may be difficult. It is useful to define 
variables and analysis plans prior to beginning 
the analysis to avoid subjectivity and data-depen- 
dent results. We hope that the prospective aspects 
of our study will help provide less ambiguous 
measures of the health significance of low level 
exposure to fossil fuel air pollutants. 


Thie study wu su ppo rted by grants from the National 
Institute of Environmental Health Sciences (ES01108K the 
Environmental Protection Agency (EP 66-02-3201,3644), and 
the Electric Power Research Institute (RP1001-1). 
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SUMMARY: Standardized respiratory disease questionnaires (ATS- 
DLD-78-C) were completed by the parents of 4,071 children 5 to 14 
yr of age, and risk factors for respiratory symptoms were evaluated 
by logistic analysis. Younger age, male sex, and lower 
socioeconomic status (SES) were independent risk factors for most 
respiratory symptoms and illnesses. All respiratory outcomes were 
significantly more prevalent in children with a physician's 
diagnosis of asthma. Asthma was more prevalent in male (4.5%) 
than in female (2.8%) children, and the greater prevalence of most 
respiratory symptoms in males did not persist in children with' the 
same asthma status. Children whose questionnaires were completed 
by their fathers were reported to have significantly fewer 
respiratory symptoms than children with mother-completed 
questionnaires. We postulate that fathers underreport symptoms 
for their children. A positive parental history of allergy or 
respiratory illness was an independent predictor of respiratory 
symptoms and illnesses in the children. Chest illness before 2 yr 
of age and chest illness in the past year showed a significant 
positive linear trend with the number of parental smokers, and 
these effects of passive smoking were confirmed in the logistic 
analysis. The use of gas cooking stoves, inversely associated 
with SES, was not an independent risk factor for any respiratory 
symptoms or illnesses. 
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Risk Factors for Childhood Respiratory Disease 


The Effect of Host Factors and Home Environmental Exposures''* 


M. B. SCHENKER,* Jl M. SAMET,* and F. E. SPE12ER 
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Introduction 

Since the 1960s, t few large popula¬ 
tion-based studies have been performed 
in the United States and other countries 
to era mi nr the epidemiologic aspects 
of childhood respiratory disease (1-6). 
These investigations have often been 
designed to assess the effects of specific 
environmental exposures such as ambi¬ 
ent air pollution (1, 5). In this regard, 
children as study subjects have several 
advantages over adults. They may be 
more susceptible to environmental pol¬ 
lutants than adults, and the outcome 
measures of interest are not affected 
by tigarrtte smoking and occupation. 
Children can also be readily examined 
in large numbers through their schools. 
The hypothesis that childhood factors 
may influence the development of 
chronic respiratory disease has pro¬ 
vided additional impetus for investiga¬ 
tions of children (7). 

Barriers to the performance of such 
studies have included the lack of a stan¬ 
dardized questionnaire and the diffi¬ 
culty of obtaining valid histories from 
children or their parents. In 1978, a 
standardized respiratory questionnaire 
—the American Thoracic Society, Divi¬ 
sion of Lung Diseases Questionnaire 
(ATS-DLD-78-O for children-be¬ 
came available as a result of the Epi¬ 
demiology Standardization Project of 
the American Thoracic Society (8). 
This type of survey instrument should 
facilitate study of the natural history of 
respiratory illness in children and eval¬ 
uation of the effects of environmental 
exposures. The use of a standardized 
questionnaire will also allow compari¬ 
son of results among different study 
populations. 

This report is based on data from a 
study of air pollution health effects in 
the Chestnut Ridge region of PennsyU 
vania (9). One component of the study 
was a respiratory prevalence survey of 
4,071 first through sixth grade children. 
The AXS-DLD-78-C questionnaire was 

*xu 


completed by parents, and the children 
performed spirometry in the schooL 
This report provides results from the 
use of this new questionnaire in a large 
population of children. We have used 
the questionnaire responses to describe 
the prevalences of respiratory symp¬ 
toms and illnesses. Additionally, using 
a multivariate technique, we have eval¬ 
uated the effects on respiratory symp¬ 
tom prevalences of host factors, envi¬ 
ronmental exposures, and potential 
sources of reporting bias. 

Methods 

Study Arro 

The study area is as Approximately 700 
square kilometer section of the Chestnut 
Ridge region, a geographic feature is west¬ 
ern Pennsylvania that exce ed s the study 
boundaries. The area is 150 kilometers cast 
of Pittsburgh and consists of the lower half 
of Indiana Counry and pans of Armstrong 
and Westmoreland counties. The region is 
predominantly rural and there are numer¬ 
ous underground coal mines and 4 large 
coal-fLied eiectritiry generating plants with* 
in the area. 

Study Population 

All public school districts within the study 
area agreed to participate in the study. 
Fourteen schools were selected from the 


public jehooi districts to provide even geo¬ 
graphic and age coverage of children in ihr 
area. The schools were grouped into north ¬ 
ern, middle, and southern thirds of the 
study area, which approximated low, medi¬ 
um, and high air pollution regions, respec¬ 
tively. One or two schools were then selected 
at random from each geographic area for 
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testing in each third of the toting period. 
All toting wu completed betw ee n February 
and May 1979. 


Questionnaire Technique 
The XIS-DLD-78-C chUdren’i question* 
naite (8) and * consent form were sent to the 
parents of all children in Grades 1 through 
6 is the target schools. Each child with a 
completed questionnaire and consent form 
performed cpiroznetry at school in a stan¬ 
dard manner. The questionnaire includes 
questions on demographic data, household 
environmental exposures, respiratory symp¬ 
toms and illnesses, aBerpes* and parents’ 
history. The parental history includes ques¬ 
tions on education, occupation, smoking, 
and respiratory fflnesses for the mother and 
father. 

An interviewer-ad min istered question¬ 
naire on smoking habits was completed ax 
school by each child in Grades 4 through 6. 
The interview was conducted away from 
teaches »nH other children. Cigarette 
smoking by children was defined as “having 
ever smoked 5 or more cigarettes and cur¬ 
rently smoking.* 

The major respiratory symptoms were 
considered present when positive responses 
were given to the following questions: 

Chronic cough: “Does be/she cough on 
ioost days (4 or more days/wk) for as much 
as 3 months of the year?* 

Chronic phlegm: “Does this child seem 
congested or bring up phlegm, sputum or 
mucus from his/her chest on most days (4 
or more days/wk) for as much as 3 months 
a year?* 

Persistent wbeexe: Positive response to A 
and B and/or to C of the following series of 
questions: “Docs this child's chest ever 
sound wheezy or whirling: A. When he/sbe 
has a cold? E Occasionally apart from 
colds? C Mon days or nights?* 

We considered the respiratory d ise a se his¬ 
tory of either parent to be positive if an af¬ 
firmative response was given to either of the 
questions: “Has a doctor ever said be/sbe 
had bronchitis? emphysema?* A positive 
parent's allergic history was defined as a 
positive response to doctor-diagnosed asth¬ 
ma or hay fever in cither parent. 


occupational groupings. The higher of each 
parent’s education or occupation scores was 
used as the SES value for that parent. For 
the household, the higher of the SES scores 
of the parents was used. The household 
scores were then ranked and divided into 
quintiles to provide SES strata V (lowest) 
through I (highest). 

lmi*] analyses were done with simple 
frequency distributions and emu tabula¬ 
tions. Potential risk factors were then tested 
as predictors of symptom occurrence m a 
multiple logistic re gression analysis (11). 
Risk factors were evaluated in a stepwise 
fashion with the best predictive model com¬ 
posed of variables significant at p < 0-03. 
All independent variables were categorical 
and stratified as follows: set (M, FX age 
(5-9, 10-14); cooking stove fuel (gas, elec¬ 
tric, or other); SES (I and U, HI, TV, and V); 
matg nal PT^iring (current, ex, and never); 
history of respiratory disease in either par¬ 
ent (yes, no); history of allergic disease m 
either parent (yes, no); person completing 
the questio nnaire (mother, father, or other). 

Raautta 

Symptom end TUnesz Prevalence 

Questionnaires were completed for 
4,071 children (table 1). The combined 
me of failure to mum questionnaires 
and of parent refusal was 7.09* with no 
significant difference over the crude 
strata of air pollution areas (low, 7.09b; 
medium, 7.59*;; high, 6.39s; xJ » 1.71; 
p m 0.19). Fifty-three percent of the 
children were male, and the mean age 
was 9.4 yT (range, 5 to 14 yr) (table 1). 
Ninety-eight percent of the children 
were white (n« 3,965), closely reflect¬ 
ing Census Bureau data for the region. 
'Nonwhite children were included in the 
analysis. Thirty-three parent of the 
families were in the high SES (I and II), 
419* in the middle SES (III), and 259b 
in the low SES (IV and V). 

Persistent wheeze and chronic cough 
were the most commonly reported 


TABLE 1 

AGE DISTRIBUTION OF CHILDREN'S 
SAMPLE POPULATION* 


AO* 

l yr) 

M»*s 

Famatt* 

Total 

W 

<*> 

W 

(*v 

M 

34 

1J 

46 

14 

tc 

7 

330 

111 

313 
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•52 

8 
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337 

17.5 

724 

• 

347 
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302 

117 

MS 

10 
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17.D 

r» 

115 
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11 

338 

111 

a 

17.4 

873 

12 

367 
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BO 
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•4 

10 

SB 

1J 

60 
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1141 
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<47*) 
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symptoms (table 2), but the prevalence 
of all respiratory symptoms was less 
t fran 109b. Most symptoms and illnesses 
were less frequent in the older age 
group (table 2): Chronic cough and 
chronic phlegm were reported signifi¬ 
cantly less often for older compared 
with younger females, but a similar 
pattern was not present in males. In 
contrast, the prevalence of persistent 
wheeze declined significantly with age 
for both sexes. The prevalence rates for 
both sexes of bronchitis, a history of 
chest Illness before 2 yx of age, and 
chest illness in the past year were lower 
in the older age group, but no consis¬ 
tent association was present for age and 
ever-diagnosed asthma, hay fever, or 
pneumonia. 

All symptoms and Hitsesses were sig¬ 
nificantly more frequent in children 
with a current or previous physician 
diagnosis of asthma (table 3). The prev¬ 
alence of asthma was grater in males 
(4J9i) than in females (2.69*). How¬ 
ever, when asthmatic and nonasthmatic 
children were considered separately, the 
prevalence of all respiratory symptoms 
evaluated was not affected by the 


TABLE 2 


Date Analysis 

The me of a parent-completed question¬ 
naire resulted in a varying number of miss¬ 
ing responses. For the symptom and illness 
questions, the range of missing responses 
was 0.4 to 4.89*. More information was 
missing for hems related to the parents' 
Ulness history: an average of 3.69* for 
mothers and 10.29* for fathers. 

A socioeconomic status scale (SES) was 
derived from the parents' occupation and 
education Education was ranked by num¬ 
ber of yean of school completed and occu¬ 
pation by Census Bureau allocation cate- 
1 forks (10). The ranks were then converted 
\ to percentiles, and a percentile based score 
1 was assigned for specific educational and 


PREVALENCE (PER 100) OF RESPIRATORY SYMPTOMS AND ILLNESSES BY CHILDS 
AGE AND SEX GROUP _____ 
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TABLE 3 


PREVALENCE (PER 100) OF RESPIRATORY SYMPTOMS AND ILLNESSES BY CHILD'S 
SEX AND PHYSICIAN DIAGNOSIS OF CURRENT, OR PREVIOUS ASTHMA" _ 


U.D. Dx Mthmi 
(N)i 
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No 

Yss 

No 
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Expiratory symptom* 

Chronic cough 
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Chronic phloem 
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child's set. Only the prevalence of hay 
fever and of severe chest illness before 
2 yr of age in children without asthma 
was significantly greater in male chil¬ 
dren. 

Significant inverse trends with SES 
were present for chronic cough and se¬ 
vere chest illness before 2 yr of age (ta¬ 
ble 4). In contrast, physician-diagnosed 
hay fever and bronchitis, not specified 
as acme or chronic in the question¬ 
naire, showed significant trends of in¬ 
creased prevalence with higher SES No 
relationship was found between the re¬ 
maining respiratory symptoms or Al¬ 
nesses and SES. 

The multiple logistic analysis con¬ 
firmed the independent association of 
younger age, male sex, and lower SES 
with an increased risk of chronic cough 
or phlegm and of persistent wheeze in 
the children (table 5). Male sex was also 
a risk factor for physician-diagnosed 
current or previous asthma in the lo¬ 
gistic analysis. 


Effects of the Person Completing the 
Questionnaire 

Questionnaires were completed by the 
child's mother for 3,653 children 
(90.54s), by the child's father for 325 
children (8.04s), and by an “other" per¬ 
son for 57 children (1.44b). Because 
patterns of responses from fathers and 
“other" persons wert similar, the ques¬ 
tionnaire data from these 2 sources 
were grouped in the following analyses 
of respondent bias. For simplicity we 
have referred to this respondent cate¬ 
gory as father-completed question¬ 
naires. The sex and age distributions of 
children whose questionnaires were 
completed by mothers or fathers were 
comparable. Household characteristics 
of the 2 respondent categories, in¬ 
cluding parents* age, education, and 
smoking habits, were not significantly 
different The prevalence rates for all 
respiratory ffinrttes and symptoms, ex¬ 
cept hay fever in the children, were 
higher when the questionnaire was 


TABLE 4 


PREVALENCE (PER 100) OF RESPIRATORY SYMPTOMS AND ILLNESSES BY 
SOCIOECONOMIC STATUS (SES) 
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l£5 
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completed by the mother than when 
completed by the father (table 6). 

We also found that the responding 
parent’s illness history was associated 
with the reported symptoms and Al¬ 
nesses for the child only in the mother- 
completed questionnaires (table 7). 
Bronchitis and emphysema were tested 
as a single variable for each parent be¬ 
cause of their high correlation in the 
data. Mothers who gave a positive his¬ 
tory of bronchitis or emphysema for 
themselves reported all symptoms and 
Alnesses at higher rues for their chil¬ 
dren (p < OiOOl) than did mothers who 
did not have a history of bronchitis or 
emphysema. In contrast, on father- 
completed questionnaires only bronchi¬ 
tis and chest illness in the past year in 
the child were associated with respira¬ 
tory disease in the fathers. The remain¬ 
ing variables were not correlated with 
the father’s history of respiratory dis¬ 
ease. This association of respiratory 
Alness in the parent completing the 
questionnaire and in the child may be 
confounded by parental smoking 
However, the multiple logistic analysis 
confirmed the independent effect of re¬ 
spiratory disease in a parent on the 
variables studied (table 5). Similarly, 
the association of father-completed 
questionnaires with fewer symptoms re¬ 
ported for the child also persisted in the 
logistic analysis. 

A reported history of allergy (asthma 
or hay fever) in the mother was similar¬ 
ly a significant (p < 0.001) independent 
risk factor for all respiratory symptoms 
and illnesses in the children, and a his¬ 
tory of allergy in the father was a sig¬ 
nificant (p < 0.001) predictor for all 
outcomes tested except chest Alness be¬ 
fore 2 yr of age: 


Environmental Exposures 


Tb assess the effect of parental cigarette 
smoking, the children were grouped by 
the number of current parent smokers 
(table 8). Only households with cig¬ 
arette smoking information for both 


parents were used. Significant linear as- 
*' ‘ -"‘he 

be 



,__i agarette smoking i___ 

Songh\ and-mr»*ociapoh was present 
Sr euLcr enrome phlegm or persistent 
-J nese stratified analyses were 
mnfirmed bv the logistic models. Ma- 
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TABLE S 

VARIABLES ASSOCIATED WITH INCREASED RISK* Of RESPIRATORY, SYMPTOMS 
OR DISEASE IN MULTIPLE LOGISTIC REGRESSION ANALYSIS 
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f yr of age but not for pbysiriin- 
diagnored current or previous asthma 
(table 5). 

Smoking questionnaires were com¬ 
pleted by 1,906 children in Grades 4 
through 6. Four hundred ninety-eight. 
Children (26.1%) admitted to trying ai 
lean a few puffs, but only 33 (2.7%, 39 
boys and 14 girls) said they had ever 
smoked 5 or more cigarettes, and cur¬ 
rently smoked. Parents reported chron¬ 
ic cough in 2 of 52 "current children 
smokers" and persistent wheeze in 4 of 
5J “smokers." The number of sympto¬ 
matic current smoking children was 
small, and the rates were not signifi¬ 
cantly different from the age- and sot- 
adjusted rates for the entire sample 

Gas cooking stove use was signifi¬ 
cantly associated (inversely) with SES. 
Gas was used as fuel for cooking in the 


TABLE • 

PREVALENCE (PER 100) Of REPORTED 
RESPIRATORY SYMPTOMS AND ILLNESSES 
•Y PERSON COMPLETING QUESTIONNAIRE 


t statue; Hi m mm m . 


homes of 62.1% of the low SES, 53.8% 
of middle SES, and 45.2% of the high 
SES children. When gas cooking stove 
use was tested in the multiple logistic 
model* a rimiHcam assoda^^n^ wax 
not present between gu stove use and 
any 01 the respiratory or illn ess varia¬ 
ble after an justing lorJSESL 

Discussion 

We have evaluated respiratory illness 
and symptom prevalences in 4,071 chil¬ 
dren 5 to 14 yr of age using a new par¬ 
ent-completed standardized question¬ 
naire (ATS-DLD-78-C), The study 
population was selected from a repre¬ 
sentative sample of area schools, and a 
very high response rate was achieved. 
The questionnaire performed satisfac- 
s torily and most items were appropriately 
completed. The missing response rate 



Moth* 
Com pie led 
<ne3,SS3) 

Path* 

Completed 

(ne3S2) 

Respiratory lyirptom 
Chronie cough* 

1.4 

13 

Chronic phlegm 

4.1 

to 

Persistent wheat* * 

7.1 

4L0 

HMeeaea 

Asthma. US). Dx 

16 

10 

Haylee*, M.D. Dx 

w 

4.0 

Pneumonia. M.D. Dx* 

1XA 

12 
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22-2 
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before 2 yr of * 2 ** 

ft. 4 
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was highest for questions concerning 
parental history, which are located at 
the end of the questionnaire. Personal 
cigarette smoking histories were ob¬ 
tained directly from children in the 
fourth through sixth grades, but the re¬ 
sponses were not validated. 

The presence rates of respiratory 
symptoms in this population were low 
inH similar to the rates in nonsmoking 
adults in the same area (12). The preva¬ 
lences of most symptoms and illnesses 
are also similar to other large studies of 
children, but strict comparisons are dif¬ 
ficult because of differences in ques¬ 
tionnaire wording and population char¬ 
acteristics (1. X 13-16). 

Several risk factors were demon¬ 
strated to be independently a non i red 
with the respiratory outcomes. In 
a g reement with findinp from cross- 
sectional surveys in the United States 
(1, 2), England (4, 13, 14); and Aus¬ 
tralia (6, 15); most of the symptoms 
.and illnesses were significantly more 
prevalent in male children^ Prospective 
* surveillance studies of lower respiratory 
trad infections have also demonstrated 
a greater incidence rate in male children 
07-19). 

All symptoms and chest glnesm 
were more prevalent in the younger 
children (table 2). The finding of lower 
prevalence with increased age confirms 
the findinp from other cross-sectional 
(2, 3, 6) and prospective studies (17* 19). 
This pattern of symptom variation with 
age and sex is paralleled by mortality 
rates for respiratory disease in children 
(14, 20, 21). 


TABLE 7 

PREVALENCE (PER 100) OP RESPIRATORY SYMPTOMS AND ILLNESSES IN CHILDREN BY 
RESPIRATORY DISEASE STATUS OF PERSONS COMPLETING THE QUESTIONNAIRE 
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TABLE • 

PREVALENCE (PER 100) :OE REPORTED 
RESPIRATORY SYMPTOMS AND ILLNESSES 
BY CURRENT PARENT CIGARETTE SMOKERS 


Number of Current 
Pirtnt Smoker* 
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In this study, chronic cough and 
chest illness before 2 yr of i«c were in¬ 
versely associated with SES, but a posi¬ 
tive association was found between SES 
and physician-diagnosed bronchitis. 
British studies have shown an inverse 
gradient of respiratory illness rates with 
soda! class (3, 5, 14). A significant in¬ 
verse association of social class and re¬ 
spiratory in the last year and be¬ 
fore 2 yr of age has also been found in 
a large prevalence survey in the United 
States (22). 

It h not dear how SES modifies re¬ 
spiratory symptoms or illnesses. Several 
factors, such as family size or crowding, 
not considered specifically in this 
study, have been shown to correlate 
with childhood illness rales and may 
partially explain the effect of SES (17). 
The small positive association of SES 
and physician-diagnosed bronchitis 
may be due to better access to medical 
care and not to differences in disease 
rates. This trend is opposite to the in¬ 
verse association of SES and chronic 
phlegm production in our population 
and suggests that physician-diagnosed 
bronchitis may not be an appropriate 
measure of artual rates of bronchitis. 

Other studies have noted a positive 
association of atopy and sodal class 
timilar to our association of hay fever 
and SES. However, a consistent associ¬ 
ation has not been noted between asth¬ 
ma and soda! class (13, 23, 24). 

Respondent Bias 

The validity of results from question¬ 
naire studies may be altered by biases 
introduced by the observer or by the re¬ 
spondents (2, 4, 23, 26). The recent use 
of standardized questionnaires has 
largely eliminated significant observer 
bias (27), but bias introduced by re¬ 


spond ecu remains a potential source of 
systematic error. We found most respi¬ 
ratory illnesses and symptoms to be re¬ 
ported significantly less frequently by 
the fathers than by the mothers (table 
4). No consistent differences that might 
explain this observation were present in 
the reporting parent's age, education, 
smoking status, or household SES The 
difference in reporting illness rates per¬ 
sisted in the logistic analysis. While we 
do not have validation of the reported 
by other criteria, the finding 
appears to result from underreporting 
by the fathers. The prevalence rates of 
illnesses in children whose mothers 
completed the questionnaires were 
closer to rates in other studies (1, 2). 

This bias in reporting may be due to 
less observation of the child by the 
working father, less treatment by the 
father of children's health-related com¬ 
plaints, or a different perception by 
fathers of respiratory symptoms in 
their children. Parental reporting dif¬ 
ferences were greatest for symptoms 
but were not present for some illnesses 
(table 6). This discrepancy suggests that 
fathers may have knowledge of their 
children's more severe illnesses but not 
of less disabling symptoms. In two- 
parent families, questionnaires should 
be completed by the mother, and the 
presence of bias should be evaluated in 
questionnaires completed by the father 
or other persons. 

Higher symptom prevalences in chil¬ 
dren were significantly associated with 
a reported history of respiratory disease 
In either parent (tables 3 and 7). The as¬ 
sociation, which was independent of 
maternal smoking status in the logistic 
analysis, was consistently found with 
mother-completed questionnaires but 
not with symptoms and most illnesses 
in father-completed questionnaires. The 
correlation of reported respiratory dis¬ 
ease status in parents and children, not 
explained by passive smoking and other 
known risk factors, may be due to 
genetic factors, a common exposure to 
air pollution or other environmental 
agents, or to ov ai c p orting (bias) by 
symptomatic parents for their children. 
By reporting bias, we mean that parents 
who report respiratory symptoms in 
themselves are more likely to report 
them in their children. 

Respiratory symptoms in the parents 
partially explained an apparent associ¬ 
ation of passive smoking and child¬ 
hood symptoms in a study by Lebowitz 
and Burrows (28). Other studies have 
failed to consider this possible source 


of bias (29, 30). Reporting bias is an 
important consideration Id parent- 
completed questionnaires and should 
be evaluated, if possible, when ques¬ 
tionnaires are used for data collection. 

A history of severe chest illness be¬ 
fore 2 yr of age was reported signifi¬ 
cantly more often for younger children. 
This association probably re p res ents a 
recall bias by the reporting parents, Lt, 
parents with younger children are 
closer in time to the early illnesses of 
their children and recall them u a 
greater rale than parents of older chil¬ 
dren. Recall biases are also a problem 
in cross-sectional studies becaus e par¬ 
ents of symptomatic children may pref¬ 
erentially recall childhood illnesses 
( 20 ). 


Environmental Risk Factors 
Environmental variables were tested for 
gignificant contributions to the logistic 
model that controlled for other known 
risk factors (age, sex, SES, reporting 
parent, parent history of respiratory 
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mothers (32-; . 
dates (32) found an increased risk of 
lower respiratory illness and maternal 
smoking that declined over the first 2 yr 
of life and had disappeared by the third 

y^--Sfi£SsL^»“S“i** 

gpimory gymptomi or illnesses in ex¬ 
posed school-age children, but these 
studies have often failed to adjust for 
social dan, respondent bias, or fqgf 
smoking by the children themselves (299 
36, 37), factors which may alter the ob¬ 
served associations. 

Weiss and coworken (2) found that 
wheeze in children 5 to 9 yr of age was 
correlated with maternal smoking and 
was independent of parental respira- 
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Ekwo, E.E., Weinberger, M.M., bachenbruch, P.A., Huntley, W.H. 
"Relationship of Parental Smoking and Gas Cooking to Respiratory 
Disease in Children" Chest 64: 662—668, 1983. 

SUMMARY: In a survey of 1,355 children six to 12 years of age, the 
risk of hospitalization for respiratory illness among children 
before age two years was increased when gas was used for cooking 
at home (p < 0.001) or at least one of the parents smoked 
(p < 0.02). The occurrence of cough with colds in children was 
also significantly increased when one or both parents smoked 
(p < 0.001). Small but significant increases (p < .05) in the mean 
values of forced expiratory volume at one second, the flow rate of 
75 percent of the forced vital capacity, and the forced expiratory 
flow rate from 25 percent to 75 percent of the vital capacity (FEF 
25-75) were seen after administering inhaled isoproterenol to 
children whose parents smoked (n = 94) but not among children whose 
parents did not smoke (n = 89); this was not seen in association 
with gas cooking. Thus, exposure of children during the first two 
years of life to gas cooking or cigarette smoking appears to be 
associated with an increased risk of hospitalization for respiratory 
illness, and cigarette smoking appears to be associated with a more 
consistent response to inhaled bronchodilator among six - to 12- 
year-old children with no other history of chronic respiratory 
illness. 
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|aa wrvrjr of l’355 child™ mlo IS years of axe* the mktiT 
biptialiialion for nr*ptr*tory illness among children before 
pgr Nt ytan was increased when gas was used for cooking 
•t borne (p <0.W)l) or at least one of the parents smoked 
Ip <0.021 Tbc occurre n ce of cough with colds in children 
•Iso was significantly increased when one or both parents 
•moled <p <0.0011 Small but significant increases (p C.05) 
in the mean values of forced expiratory volume at one 
second, the (low rate at 75 percent of the forced vital 
capacity, and the forced expiratory flow rate from 25 
percent to 75 percent of the vital capacity (KEF25-75) were 


"parental smoking has been shown to be related to 
-*• incrraxrtl risk of respiratory illness in children 
during the first year of life.* 'and to an increased risk of 
morning cough; respiratory infections, and breathless¬ 
ness among older children. 1,1 Specifically, an in creased 
incidence of pneumonia and bronchitis with conse¬ 
quent hospitalizations lias bt^en reported among in¬ 
fants wliose parents smoked compared to children 
whose parents did not smoke. 1 Parental smoking also 

For editorial comment see page 651 

has been reported to increase the risk of persistent 
wheeze* and symptomatic asthma." In a study of 
British secondary schoolchildren that showed early 
morning cough to be more commonly reported by 
children who smoked, the effect on these smoking 
children of parental smoking appeared to be additive. 4 
A decrease in pulmonary function measurements also 
has In ert noted in nonsmoking children whose parents 
»moked. lw * 

An association has been similarly shown between 
respiratory illness in children and gas cooking, appar¬ 
ently from increased levels of nitrogen dioxide and 
nitric oxide in the homes with gas stoves.*' 1 * In 
addition, pulmonary function measurements per¬ 
formed in school age children were found to be lower in 
association with the use of gas stoves in the home.. 12 * 1 * 
The current study was designed to further examine 

•Frmn »hr DiMiMMit if AmUtilalorv and C* immunity Pediatrics and 
HVduliK’ Allergy ami I'oliiHHury Dimuh 1 . nt Pedi¬ 

atrics. and llir INqiarlmt-nt of Pri-smUtr and KnsimninriiUl! 
Mrdknnr. Ilitr Limvrsitv <4 lima Vitiliul Sit tool. Itnsaljly.. 
Th*s w«mL \u|)|mm led in fvarl In (,i«U No Ult5') liitm tlie 
Clin Mai llrwaicit t.Vnlrr. bvNIII t.iant IIU>| AlHilSHU. In: Cystic 
t>il»r*n»^ t«MM K Lanm («f*nt C 521 A. and In ll*e Johnson County ilAf 
L«uc A«%nutnHi 

Manuscript received Dt-crmber b. lUb2. rcv»s*>a accepted }une 29. 
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acen after administering inhaled isopmtenmol to children 
whose parents smoked (n ■ 94) but not among children 
whose parents did not smoke (h * 89}; this was not seen in 
association with gas cooking. Thus, exposure af children 
during the first two years of life la gas cooking or cigarette 
•mokmg appears to be associated with an increased risk of 
hospitalization for respiratory illness, and cigarette smoking 
appears to be associated with a more consistent response to 
Inhaled bmchodibtor among six- to 12-yearafd children 
with no other history of chronic respiratory illness. 


the relationship of parental smokingand gas cooking on 
the occurrence of respiratory illness and symptoms in 
children from a midwestern university community. 
Additionally, we examined the relationship between 
these environmental exposures and pulmonary func¬ 
tions. 

Methods 

Subjects 

Children, ac r\ fi to 12. wlio attended pnnury school in ihe Iowa 
City School District «trrr contacted after permission was obtained 
from school administrators The tdmol district sen vs a university 
community The chikln.fi were therefore generalK from middle ami 
upper social classes. Participating schooli included approximately 87 
percent of the 2.<Xi2 children six to 12 yean of age enrolled m the 
»d»ool district Children from the paiitcipatmn schoolv were sent 
borne with a letter explaining to parents (lie purpose of the studies, 
the information we were interested in collecting and why. The 
parents were requested to complete a modification of (he question¬ 
naire drvrlo|»ed t*y the American Thoracic Society lATS) for the 
Division of Lung Disease (DLD) of tlie National Heart. Lung. and 
Blood Institute (the ATS-DLD*|uestionnairer and to return it In us 
in a stamped, self-addressed envelope. (A copy*of the modified 
questionnaire a available on request from the authors.) Two weeks 
fidlowmg the initial distribution of the questionnaires to the parents, 
another letter was sent as a reminder to parents who had Lulrd to 
velum a completed questionnaire. 

In order to determine if won respondent parmU and thru children 
ds lie red sign ifi ran tlv in certain characteristics fn*nv those parents 
who had completed the quest ion nairrs^alvut thnr children. 2tlO 
nonrespondent parents were random)levted and contacted bv 
tekqduMie by a trained research assistant hair Meeks alter the 
queslMitmairrS uere initially %mt to the parents Thr parents Mere 
each read the part of (lie questionnaire that related mmt directly In 
cigarette smoking and respiratmv illness To ensure tliot the qne»- 
Itons wrrr answered accurate!*, tliesr pertinent questimi* I mm the 
quest an mat re were read aloud »va th a% printed and wit| M mt am 
rUUiralMm I n- t he research assistant 

Pulmonary Pumlum .UeasurrmraM 

pulmonary function measure men tv were nUamed horn h l J did 

townto Smox^g ** Coox-n *> tounaiory Osmm o* Dwvt i£m at m) 
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drrn |47 RirU and 41 Inns) *W parents did not unoltr and M 
children (52 Rirh and 42 InhiI parent* smoked These 

children w-rre rat'd*mil) M-bnlrd using tables of random numbers 
frvMii the children fi*r wUnn complete information was tdstamrd 
mvwr die <|i*r»iamnatrf All (Urrnts wrrr rrv|ucsled to mdmlr their 
nwihrnt for ipuliiMMury ftmtlion studies to be uhtamed fimn their 
c4>»kln*n. after nr IwJ provided a Tull writlm eiplimatMHi of (lie 
rr*x»n\ for iihuming tlie measurements and ibe pnardiirr* the 
*4nld wtmU h4k«w ibmmg pulmonary function IntirtR CmiM-nt was 
«4kaiiwnf inwn 4II IK5 6 pem-nOef the 4*4 children whose parents 
«bd wot kRMihe and 596 (91.1 percent) of the 654 children whose 
|xm-nl* Mnokrd. Wlwm {urental smoking was kept romtanl. the 
pn^Htrimm uf children who baJ tuugh with cold, cough ajurt from 
iiiliN. wr phlespn with or apart frwv eddi wrrr not significantly 
different finr ctnisentinR parents compared tonooconseiiUnR jiarmts 
W'r thrrrlurr h it that nor iMiplmi; pnicrdurr produced a rvjm**enl* 
altse popolalnm o f children. 

Children were excluded *f there was a history of recurrent 
respiratory illness or if tliere was any history of upjier nr kiwrr 
respiratory wthtimn during tlie prior sis months. Spirometry wnu 
measured with a jmto I*nhnonor waterless rrspimmtlrr. Cairo la- 
lams id the |iaraint*tt*rs measured wrrr done l*y tlie f mex 1 fatamatic 
CtwiifH/Irr with dadi eahliratam Lnin* volumes were measured by 
nse of a islelhysmograph (modi*I Can)Hipolm*marc Instru¬ 

ments) using a 3 L/second Flench temperature-ami rolled poeu- 
motach. with a flow accuracy of - i perrrnl of full stale 

Each child was instructed ui the measurement maneuver and was 
in an upright wllmc position. Each test was repealed three In five 
limes, and tlie best eflort was lakes* How rales and lung volumes 
wrrr measured U-liirr aud five w wale t *ulistt|wml to 1.25 mi! 
inluled isofimterrmil diluted with 2 ml normal saline subitum and 
admimstrvrd by an open nebohrer. 

Anolyui tf Data 

Discrete multivariate vialysis wav used In sludv the interactions 
among lactors in this analysis, maternal ami paternal smoking 
and gas cooking were treated as independent (actors, while the 
fm|ueiK-ies of varmuv rrspiralorv symptoms or illness were the 
dependent variable* The reported prevalence of rrspiralorv symp¬ 
toms or illnesses were stratified by parental smoking (mother alone, 
Esther alone, both parents, either or both parents, neither parent 
•mokes) and bv cooking fuel use Odds ratio was calculated lor each 
interaction effect Odds raUos greateT thaw one indicated that the 
variable had a higher risk for the children and conversely odds ratios 
of less titan one md waled lower nsk. A chi-square analysu was used 
to examine tlie significance of the odds ratio. 

Regression lines were fitted to each of the pulmonary function 
measurements using the Statisticaf Analysis System (SAS) using tlie 
Stepwise procedure.'* The variables entered in the equation were 


age in years, sex. weight (kg), and standing height (cm) Lines were 
filled separately tr»r children lmmsm*ikinir ami mmsmnking envmm- 
menti, as well las for values olitaincd Jiy (Mbling these two groups F- 
tests were performed as descrilu-d hv *Nelrr and Wa»sefmaii M to 
compare the fit of the lines olitasned firw Values (i* children from the 
two environmentv and for the pm4rd data. Paired Mrsti were used 
to compare the pfehronihodiUtor and poUlmmchodiLtor pulmo¬ 
nary functions. 

RtSUlXS 

Completed quest it mnaircs were obtained for 1,355 
children, or 65.7 percent of the children si* to 12 years 
of age in tlie school distnet. Of the 1,355 completed 
questionnaires, data on parental smoking history was 
complete for 1,138 (84 percent) of the children. In the 
remaining 227 questionnaires, either maternal or 
paterna) or both smoking histories were unrecorded or 
incompletely recorded. Tlie proportion of children 
with incomplete or no parental smoking history who 
had cough with or apart from colds, congestion or 
bringing up phlegm, or had chronic lung diseases was 
not statistically significantly difirrcnt from the proj>or- 
tion of children with parental smoking histories who 
had these symptoms. These questionnaires were elim¬ 
inated in subsequent analysts. Forty-nine percent of 
these children were mates, and 51 percent were 
females. Five percent of t he children I tail established 
diagnoses of chronic respiratory diseases. Tut) had 
cystic fibrosis, one had pulmonary tuberculosis, two 
had diagnoses of chronic bronchitis, and 49 had 
asthma. When we compared the 200 randoml) se¬ 
lected nonrespondent families to our study popula¬ 
tion, we found no statistically significant differences in 
the proportion of parents who smoked at home. Tlie 
proportions of children who had rough with colds, 
cough apart from colds, or who had congestion or 
bringing up phlegm with or apart from colds were not 
significantly different among the two groups. 


Fifteen percent of the parents completing the ques¬ 
tionnaire indicated they had bronchitis, emphysema, 
asthma, or other chronic respiratory condition. % 



Tabic 1 —Proportion of Children wiih Couth with Colds or Hospitalized for Chest Problems Before Age 1 Tears, by History 

of Parental Smoking and Home Cooking Fuel Used 


Hrnnr Cuukmg Fuel 

FSrrntiJ Smoking History 
(Yes • Firent Smokes) 

PtTfrnl»Kf of Chilclrt-n AffevleJ 
(Total Numlter ofCJnkJrrn m tlie l^roup) 

Father 

Mother 

CoorK With Colds 

llospit alujimn: For 
Chrst llhiexsev 

Cat 

No 

No 

02 H 11371 

5 1 tl3M 

Cii 

No 

Yes 

35 7 i2H) 

7 1 12*1) 

fW 

Wv 

No 

astv.iot) 

H II (KUO) 

Ca S 

Yes 

Yes 

3ot»tiii) 

9 » (112) 

F. lrvlru.it v 

\«» 

So 

2H 9 t:l43) 

2 1 (34) 

KUtlrwitv 

\.i 

Yn 

37 7 <(*9) 

MB 

Elrrlrmlv 

Yes 

No 

37.7 mr 

5 h t ITS) 

Ektlrttilv 

Yrs 

Yrv 

44 5.17-11 

1 2H72) 


♦ 
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Tab It 2—Auociofion of Parental Smoking and Cat Cooking with H capitalization of Children Before A^f 2 Heart for 

Ret juratory lllnrtnrt 


— Variables 

No of On Mu >n 
Hospitalized Jot 

Chert Illnesses 

OOiK Hatm 

- .. 7 — 

SE * 

p-Value 

Fuel UM-tl tor 






home umA»ii£ 

lb 

Nu 




C«» 

28 

350 

24 

0 684 

0.001 

Electricity 

25 

736 

10 



Parental tmiAinn 






Pal her alone tmokes 

IS 

260 

2.3 

©K56 

0.022 

Mother iiltmr smokes 

8 

00 

10 

1.239 

0.026 

Father and nxilher smoke 

13 

*71 

1.6 

0*56 

0.21 

Either or luith [wratti smoke 

30 

621 

11 

0.666 

0.017 

Neither parent smokes 

14 

465 

1.0 




cough opart btnxuld, or bringing of phlegm with 6gf 
•part (mm coldsMx the 1,138 children, 31 percent 
lived in homes where gas was used for cooking, and 69 
percent lived in homes where electricity was used for 
cooking. Tliore was a significant assuctatitm between 
parental smoking and the use of gas (or cooking. 
Fathers smoked in 224 (56.4 percent) of the 397 homes 
^ where gas was used for cooking, compared to 366 (46.6 
percent) of the 786 homes in which electricity was used 
for cooking (x*» 10.28, p<0.001). Similarly, mothers 
smoked m ISO (40.8 percent) of the 441 homes in which 
gas was used for cooking, compared to 292 (33 7 
percent )of the 866 homes in which electricity was used 
for cooking (x**6.33, p<U.05) The proportion of 
children with chronic respiratory symptoms by \>aren¬ 
tal smoking and use of cooking fuel arc shown in Table 
1. 

Tlie use of gas for cooking was associated with an 
increased risk of Itospitalization of the children before 
age two years l>eeause of dies! colds and other respira¬ 
tor)' illnesses (odds ratio * 2.4) independent of 
parental smoking (Table 2). An 
increased tin* ixlds ratii^^Vfi^ 

ULwHicdr piaas; 

with colds in the children, lluw 


ever, parental smoking inervased the mk pf occurrence 
c^hcse^ytni^ms fTabir^Cithcr tluu$ the possibility 
ffl ybecnnR and whistling sounds in the chest with 
colds, jffone of the dependent variables in Table 4 was 
significantly associated with parental smoking and/or 
use of gas lor cooking. Also, the frequency of occur¬ 
rence of car infections in the children between ages 0 
to two years, or two to five years, or the occurrence of 
wheezing with exercise was not found 1 to lie associated 
with parental smoking or use of gas for cooking 
The mean standing height of 144.2 cm and weight of 
37.8 kg for children whose parents smoked was not 
significantly ilillerent from the mean standing height of 
145.6 cm and weight of 38 7 kg for children whose 
parents did not smoke. Mean values for initial mea¬ 
surements of pulmonary function before the inhaled 
isoproterenol did not diffor significantly between chib 
dren from smoking and non-smoking families. Signifi* 
cant^ 

rei^FEV^^rei^75(^k- i) 71 ie nu7n 
values of the measurements of lung volumes for the 
two groups of children wen* not statistically different. 
Because 28 l-tests were performed for these analyses, 
adjustment was matle by accepting only t-tests with p 


Table 3 —Amo ciation of Parental Smoking and Com Cooking with Occurrence of Cough with Cold* in Children 


Independent 

Var whirs 

No. of Children 
with Symptoms uf 

Coughs wit h i Ml 

Odd* Batin 

SE 

p- Value 

F»*e1 uvrd Utr 






borne enokiiic 

Yes 

No 




Car 

125 

252 

0.0 

0 123 

0 55 

Electricity 

2*» 

495 

10 

... 


Parental vimAiii* 






Father akmr wmtiri 

ion 

177 

14 

0 22H 

0 U2J 

Mother ah me mimAcs 

36 

61 

15 

n Vi* 

IHIMi 

Father ami mother sinolr 

111 

173 

16 

II: 135 

0 <D2 

Kitl»rr •* Uith parents timAe 

247 

411 

1.5 

n mm 

o tm v 

Neither |wtettf siihA es 

144 

.366 

1 0 
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Table 4—RriafioniJiip of Ponntal Smoking and Cooking Cat tcith Occurrence of Reepiratory Sympfomj in Childhn 


No of Children 
with Respiratory Symptoms 


* 


Independent 


Venable 

Kes 

No 

Odds Ratio 

- SE 

p-V»1|je 

1. Chest rouge it ion end phlegm 






with colds 

Ca 

70 

307 

1.1 

0.166 

Oil 

EWtrx-tty 

126 

633 

1.0 

. . . 


Father alone smokes 

46 

£30 

1.0 

0.213 

0.B2 

Mother alone smokes 

19 

78 

1.3 

0.363 

040 

Father and mother smoke 

54 

£29 

1.2 

0.363 

0.26 

Either or both parents smoke 

m 

537 

1.2 

0.166 

0.35 

Neither parent smokes 

77 

403 

10 

. . . 



2. Chest I’onRcition and phlegm 
•part from cold 


Cas 

Electricity 

Father alone smokes 

Mother alone smokes 

Father and mother smoke 

Either .or both parents smoke 

Neither parent smokes 

17 

35 

12 

7 

11 

30 

22 

345 

708 

£58 

67 

2W 

609 

444 

1.0 

1.0 

09 

1.6 

06 

1.0 

1.0 

0.302 

0.345 

0.730 

0317 

0.26b 


099 

0 66 
0j30 
064 

0 98 

3; Whrejinc and whist line sounds 
»n chests with colds 

Cas 

lew 

273 

1.0 

0 154 


0.56 

Elect not) 

m 

504 

1.0 


V 


Father alone sinnkev 

74 

202 

12 

0.210 


0 27 

Mother ak'me smokes 

30 

f>7 

15 

0.362 


0 12 

Father and mother smuke 

MO 

108 

14 

0.241 


0.03 

Either or Iwitli |>ar**nts smoke 

19* 1 

4f>7 

13 

0.185 


OUT 

Wither parrot smokes 

112 

37tl 

10 




4 Wlutvmg and whistling sound 
pi clrest a|iarl Inirn colds 

Cas 


32H 

0 9 

0.222 


0 60 

Electn< tty 

bl 

647 

0.1 




Father alone smokes 

21 

235 

1.2 

0.32') 


0 52 

Mother alone smokes 

14 

7.1 

2.2 

0 701 


oiti 

Father and mother smoke 

16 

244 

Oh 

0.23') 


0 39 

Either of IhxIi |iarrnts smoke 

54 

552 

11 

0 257 


0.55 

Neither |iarent smokes 

36 

421 

1.0 





5. Attacks i»f wlirr/.mi; with 
shortness u4 hrrath 


Cas 

30 

345 

07 

0.158 

0 12 

EU*c1mity 

63 

679 

to 



Fallurr akme smokes 

2h 

£51 

0 8 

0.211 

0 48 

Mother alone smokes 

12 

65 

1.1 

03S9 

0 70 

Father and nmtlier smoke 

22 

SCI 

0.7 

0. INI 

0 14 

Citlier or l*oth parents smoke 

60 

597 

06 

0 161 

0 29 

.Neither parent smokes 

53 

425 

to 




values of <0 002 as significantly different at a 0 05 
confidence level (0. 05 -r 28 * 0.002) The mean percent¬ 
age changes in the pulmonary function measurements 
(calculated as the differences l*. 1 tween the postvalue 
and prevalue divided by the prevalncs for each pa¬ 
tient). Eiowevrr did not differ significantly between the 
two groups of children (using an unpaired Mesl). 

DlsCVSSlON 

Hespiratory symptoms and illnesses occur fre¬ 


quently, particularly in thetoemperate regions of the 
worlds in preschool and school-age children. Only 
recently lias it l>een appreciated that parental smoking 
at home may be associated with an increased risk of 
occurrence of respiratory symptoms in children. A' 
Jjigher rate of hospitalization of the children befbrc'ag^ 
4wo years Jbr chest illnesses (Immdiiti^pneumu^ 
^rtc) was associated u i:h Uith parental smoking and gai; 

1 cooking.*A significant increase in pulmoryAffonction. 
after an inhaled bronchodiLitor among children iif 
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Table 5—Flou> Rote* cf Children Before and After Inhaled hoprotermol 


Children of Smoking Parenti 

Mean (SE) Meuuremenb of Flow 
Ratei and Lung Volume! 


Children of Nommo^n* Parents 

Mean (SE) Menu re menu of Flow 
Rates and Lung Volumes 



•Paired MesJ ct^nfurinx initial pulmonanr function measurement! and postbronebodibtor values. 
^Significant at 0 05 Unel after adjusting for the performance of 2fl l*testt. 


smoking parents is an interesting additional observa¬ 
tion perhaps consistent with previous reports of in¬ 
creased bronchial reactivity in cii^nrtte smokers with 
normal and an^a&ociation befykero 

svmptiwnaf^rasthlisa in chihben and parental smok¬ 
ing. * 

Jfomital smoking may be associated with diflercato 
t vri^ jSBjfSjifertiwy illnesses in infancy comjwrrtlto 
tnewliool age. Fefgtisson el aP lot mil an increased risk 
of infantile lower respiratory illnesses in the last eight 
months of the first year of the infants life to be 
associated with maternal hut not paternal smoking. 
Similarly. Colley ot al' Ibimd that infantile pneumonia 
was rmm- common when bothi parents stnoked than 
when neither parent stnoked. The risk was intermedi¬ 
ate when only one parent smoked. Tlivse.tcsults art& 


Iluwevvr. Fergmson ct at* did not study the association 
of parental smoking and use of gas Ibr cooking on 
respiratory infection rates. Their study is different 
from ours also, in that they studied respiratory infec¬ 
tion rate between lour and 12 months of life. Tlieir 
study was prospective-retrospective in design, and 
therefore, parental recall may have been more reliable 
than in our study. In the first year of life, an infant is 
likely to spend proportionately more time with the 
mother than the father Thus, the age of the child at the 
time-uf the administration of the respiratory* question¬ 
naire may have been an important factor in the finding 
that maternal but not paternal smoking was associated 
with respiratory illness in the child. 

Weiss ct al* reported a dose response between 
prevalence rate of symptoms of persistent wheezing, 
cough, and phlegm in children and parental smoking 
The rate of occurrence of symptoms in children was 
highest when both parents smoked, intermediate 
when either parent smoked, and lowest when no 


Its area 
km $ 


parent smoked However, the authors also found a 
strong association between the occurrence mle of 
these symptoms in the children and the prevalence 
rate for such symptoms in the parents. UV found-ar 
significant association lK*tww*n parental smuliinoiu 
the prevalence of cough with colds in tlie children „ 
However, we did not find any association between- 
parental smoking or the use of gas cooking and the 
reported incidence of cough ;i|iart from colds and chest 
congestion and bringing tip phlegm with or apart from . 
colds In a study of childrenwhose ages wen* sunilai to 
the children in our population; lmwever. Colley 7 found 
an association lietwren parental smoking and the 
occurrence of rough during the day or at night in 
winter in the children. He also found an association! 
between parental smoking and bringing up "any 
phlegm from the chest first thing in the morning in 
wintcT" by the chiUlro, 

tween tliese variables and^^parcn^a^sm^ltlg , m our 
fftudy^inav be attributable to the phrasing of the 
questions in the ATS-DLD quest km nainv’ w here "^iii 
die snonitng** waa^ not spixifically nicntkl(^ f and 
where phlegm production was jougbuii^juaocuUdn 
wiliiyieSfcold* rather than ~in &mter. Slight changes 
in the phrasing of c(uestk>ns can result vn substantial 
differences in the type of res|x>n$es one obtains * 11 
Fforv ct al* showed an association between the levels 
ofNOj in kitchens and liednioms of the homes, and the 
prevalence of respiratory illness in primary school¬ 
children. This association was ^dependent of the 
childrens age, sex. social class, and the number of 
cigarettes smoked at home. In another study, children 
six to 11 years old from households with gat stoves had a 
history of more frequent respiratory illnesses Indore 
age two years compared tu childien from homes w here 
gas was not used for cooking 1 * In a studv of 
schoolchildren in England and Scotland, a reported 
incidence of coughs, colds going to the chest, and 
bronchitis in children from homes using gas lor cooking 


Pr*nt* too*** * A*ftf»Morv 0 «nm oi •' V) 
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was significantly higher than for children from homes 
where electricity was used!" Melia et al‘ u demon* 
itrated that the association between respiratory illness 
and gay cooking tended to disappear as the children 
crew older. 

~ The nature of the association of respiratory symp- 
ims in children and gas cooking in the home is yet 
i nckar Two oxides of nitrogen, nitric oxide (NO) and 
n tiwgen dioxide (NO,), are produced in varying con- 
cvitr Mtons in homes with gas stoves.“ It has been 
ntaerved that acute exposure of man and animals to 
liiiih levels of nitrogen dioxide (NOJcan cause pulmo¬ 
nary edema and death * 

A significant reduction in FEF25-75 values was 
observed in children who smoked, as well as in 
chitdveik whose parents smoked but who were non- 
nmokers themselves. 0 At least one group of investiga¬ 
tors has found no association between parental smok¬ 
ing and lung function measurements of the children. r 
In these studies, the children did not receive an 
inhaled bronchodilator drug Inhaled 1 Unmchtxliljtor 
mediialKm was administered to children in our study, 
and we-observed statistically significant differences in 
tin* mean sallies ol FEI‘T5, FEV„ and FEF25-75 for 
clnldieu whose |Kirents smokedi compared to those 
whose parents did not smoke. The clinical importance 

Midi observed differences in the absoliite values «) 
pulmonary liinction me.isureim nts is. however, un¬ 
clear 

In a recent study of c hildren six to 11 years old from 
iHMiseholds with gas stows, small but significant diilcr- 
hkvs were found in FEV, and FVC corrected fc>r, 
height, coin pa red to children from homes where gas 
was not used for cooking M These tannhes tended to Ir* 
poorer and were in the lower socioeconomic class. 
Flury et aP found no significant relationship Inrtwcen 
lung function measurements and concentrations of 
NO. in either kitchen or bedroom. Lung function 
measurements of peak expiratory flow rates (PEFH) 
and FLF25-75 for children from homes with gas stoves 
were not significantly higher than measurements for 
children from homes with electric stoves. Ilasselblad 
et al; u however, found pulmonary function sug¬ 
gestively decreased among nine- to 13-year-old girls in 
homes with gas stoves and not among younger chil¬ 
dren 

Based on the findings of this report and from 
previously published findings, one is led to conclude 
that parental smoking is associated with a risk of certain 
respiratory illnesses and symptoms among children 
fixing in the same environment. An independent but 
similar effect is suggested for gas cooking Children 
from homes where parents smoke Had increased reac- 
tivitv of airrwavs alter bronchi nil lator therapy but it is 
not known if these changes persist or have clinical 
consequences. 
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The First International Symposium on Myocardial Protection via the Coronarv Sinus will be V 
held at the Hotel InterContinental Vienna. Vienna, Austria. February 27-29. 19H4. For 
information, contact the Secretariat, c/o Intcrconwntion. PO Bnx 80, A1107 Vienna. Austria. 


Diagnostic Imaging 

Tlic Department of Radiology, Duke University Medical Center, will present this five-dav 
postgraduate course at the Hyatt Regency Cancun Hotel, Cancun. Mincu, February’ 12-17, 
19H4. For information, contact Donald R: Kirks, M.D., Department of Radiology. Duke 
University Medical Center, Box 3834, Durham. North Carolina 27710 (919; b8F27U, ext 286 or 
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Gardner, G., Frank, A.L., Taber, L.H. "Effects of social and family 
factors on viral respiratory infection and illness in the first 
year of life" Journal of Epidemiology and Community Health 38: 
42-48, 1984. 

ABSTRACT. A total of 131 infants were monitored from birth through' 
the first year of life for respiratory viral infection and illness 
and' evaluated for the relationship that these had to certain social 
and familial factors. The results showed no general patterns of 
association between viral infection and the study factors, but 
there were several significant individual associations. Excess 
influenza virus infection was found for black infants, infants 
with at least one sibling, and especially those with school age 
siblings. Rhinovirus infection rates were highest among girls 
attending daycare. In addition, significantly higher rates of 
lower respiratory disease (LRD) were seen in daycare infants and 
low socioeconomic infants and a definite trend to increasing amounts 
of LRD was seen with increasing family size. Protection from LRD 
seen in girls was apparently lost in daycare. No convincing 
differences for viral infection or respiratory illness were seen 
with parental smoking as an isolated factor. 
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Effects of social and family factors on viral respiratory 
infection and illness in the first year of life 

GREGORY GARDNER, 1 ARTHUR L FRANK, 1 * AND LARRY H TABER 1 • 

From the Influenza Research Center* Department of Microbiology and Immunology , and Myers-Blade' 
Infectious Diseases Section* Department of Fediatrics, Baylor College of Medicine , Houston , Texas , USA 


fUMKAJtY A total of 131 infants were monitored from birth through the first year of life for 
respiratory viral infection and illness and evaluated for the relationship that these had to certain 
social and familial factors. The results showed no general patterns of association between viral 
infection and the study factors, but there were several significant individual associations. Excess 
influenza virus infection was found for black infants, infants with at least one sibling, and especially 
those with school age siblings. Rhinovirus infection rates were highest among girls attending 
daycare. In addition, significantly higher rates of lower respiratory disease (LRD) were seen in 
daycare infants and low socioeconomic infants and a definite trend to increasing amounts of LRD 
was seen with increasing family size. Protection from LRD seen in girls was apparently lost in 
daycare. No convincing differences for viral infection or respiratory illness were seen with parental 
smoking as an isolated factor. 


Viral respiratory Alness is a major cause of morbidity 
and mortality in infancy. Children under 1 year of age 
have the highest incidence of acute respiratory 
£ttfiess* -# and most are apparently caused by viruses. 1 

Social and family factors influence the incidence of 
Alness during infancy* - * but documented infection 
rates have been less frequently studied. For this 
reason we examined both infection and Alness during 
the first year of life of 131 infants followed up in the 
Houston Family Study between 1975 and 1980. 

Materials load methods 


foi sampling of all illnesses. Diagnoses were made by 
a physician, nurse, or physician's assistant. 

Records of all clinical contacts were available for 
review of Alnesses. Upper respiratory Alnesses (URI) 
were categorised as afebrile, febrile, or otitis media. 
For lower respiratory disease (LRD), the categories 
were laryngotracheobronchitis (LTB), bronchiolitis, 
or pneumonia. On review, Alnesses lasting more than 
two weeks could usually be reinterpreted as two or 
more illnesses. When difficulty arose as to the nature 
or duration of an illness, the impressions of people 
seeing the child during the Alness were used. 


11C1U1TMZNT AMD MONITOZINO 

General methods used in the Houston FimAy Study 
have been reported previously.* - * A total of 131 
infants were observed for the first year of life from 
1975 to 1980. In 1975-6 recruitment of pregnant 
women took place at Jefferson Davis, a county 
hospital; thereafter all recruiting was from the 
community at Urge at an average of two or three 
families a month. The infants had blood obtained at 
birth (cord blood) and at 4, 8, and 12 months of age. 
Home visits were made every week during the 
respiratory virus season (biweekly at other times) for 
history and physical examination and to obtain nasal 
wash specimens for virus culture from infants. 
Additional home or dinic visits were made as needed 


LABOIATORY METHODS 

Tissue cultures used for virus isolation were rhesus 
monkey kidney, MDCK, LLC-MK2, HEP-2, and 
Wl-38. 1 * 11 Some specimens were inoculated into 
fertAised hen's eggs. u Serological tests included 
haem »ggiurination inhibition for influenza A and B“ 
and microneutralisation for respiratory syncytia] 
virus (RSV), parainfluenza virus types 3 (para 3), M 
and influenza A and B.** Fourfold rise in antibody 
titre (or faflure of passively acquired antibody to fall) 
was considered evidence of infection. 

SOCIAL AND FAMILY FACTORS 

Personal and family data were obtained on 
enrolment and then recorded for each subsequent 

42 


i 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023382901 



43 


Social factors and respiratory viruses 

yeti. Six floors were studied: sex, nee, parental 
- smoking, socioeconomic class, cumber of siblings, 
and attendance at daycare. Race was white or non¬ 
white with the latter including blacks and Mexican- 
Americans. An infant was considered exposed to 
parental smoking if either mother or father or a five- 

__in relative smoked five or more cigarettes a day. An 

infant was considered a daycare tttender if 
attendance at a daycare facility, or mother’s day out 
(sponsored by local churches) was consistent for at 
least five months. Finally, socioeconomic class was 
. ~iow” if the family was eligible for the county 
hospital or made less than S12 000 a year, “medium” 
if the family had private medical insurance or made 
more than $12 000 a year, and “high” if the family 
bad private medical insurance, made more than 
$f 2 OoOa year, and one oriboth parents had attended 
at least three years of college. 

ANALYSIS 

Viral infection -and respiratory Alness rates were 
analysed for each*family factor category. The mean 
number of infections or illnesses was calculated from 
the total number of episodes and reported as the rate 
per 100 child years. Chi-squire analysis was done on 
the distribution of the data. 

Rexuhs 

From 1976 to 1980, 92 infants (including three sets 
of rwins) from 75 families were followed up. There 
were 59 whites, 24 blacks, and nine Mexican- 
Americans. Forty two per cent of the black and 
Mexican-American families were in the low 
socioeconomic group compared with 15% of the 
white families. The 39 infants studied from spring 
1975 to spring 1976 wilt be included in selected 
analyses only because of socioeconomic imbalance 
(38 of 39 in low socioeconomic dass) and some 
limitation in detailed clinical information on minor or 
non-influenza A illnesses, or both, during this first 
study year . This group was composed of 13 white, 21 
black, and five Mexican-American infants. 

VIXUS INFICTION 

The figure shows the number of infections 
documented for the four viruses where serology was 
"used in addition to virus isolation. Respiratory 
syncytial virus (RSV) had the largest proportion of 
infections identified by serological methods alone 
(63%). Of 40 influenza A and B infections (35 type A 
and five type B), 40% were identified by serology 
alone. In addition, 42% of the parainfluenza type 3 
(para 3) infections were identified by serology alone. 
The remainder of the infections shown in tables 1 and 
2 for these four agents were identified by isolation 
alone or isolation plus fourfold serological rise. 


Table 1 shows the virus infection according to the 
selected social and family factors. In general, these 
factors were not significantly related to rates of 
proved viral infection. There were, however, some 
interesting exceptions. 

Adenovirus infection rates were significantly 
associated with the number of siblings and daycare 
attendance. Infants with one sibling had the highest 
rate of infection while those with no siblings had the 
lowest Infants with one sibling more often attended 
daycare (41%) when compared with those with none 
or two or more sibling infants (19% and 15% 
respectively); this may have influenced the chi square 
results. Numbers became too small when further 
analyses of daycare by number of siblings was done 
for adenovirus infection so the influence of the two 
factors could not be separated. 

Both sex and daycare attendance were significantly 
associated with rhinovirus infection. Girls attending 
daycare had a much higher rate of rhinovirus 
infection (169) than did boy daycare attenders (50) 
or all infants not in daycare (48). In addition, 54% of 
girl daycare attenders had multiple infections 
compared with 20% of the boys: 77% of girls in 
daycare had had at least one infection compared with 
53% for all infants combined. 

Seventy four per cent of low socioeconomic dass 
infants had had at least one para 3 infection 
compared with 47% for medium socioeconomic dass 
and 54% for high, and this is reflected in the trend 
(not significant) in overall infection rates. None of 
the viruses considered was significantly associated 
with parental smoking for- 1976-80. A significant 
relationship was found only for RSV and smoking 
mothers at home (p** 0*020) when 1975-6 data were 
tnduded. 



Evidence of respiratory syncytial, parainfluenza type 3, and 
influenza A and B virus in ftca on in study infana, Houston 
Family Study 197S — 30, Serological rise included failure of 
fall of passively acquired mtaemal antibody. 
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Table 1 Virus injection rates per 100 child yean for 131 infants according to sex, race, smoking. 

Number of sibling? and daycare: Houston Fa mily Study ; 1976—80. ___ 
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Table 3 Influenza A and B infection rau per 100 child the study infants had evidence of infection and 80% 
yean according to selected social and family factors, of these had school age siblings, 
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Influenza A and B infection was also significantly 
related to number of siblings as was influenza A alone 
(p*0*0l3). A stronger association was seen when 
comparing none with two or more siblings 
(p»0*008). These relationships with number of 
siblings were not seen with the 1976-80 dati only. 

Independence between race and number of 
siblings for low socioeconomic infants was suggested 
by analysing all three factors simultaneously. There 
was a trend towards increase in the rate of infection 
with number of siblings for both white and non-white 
in the low socioeconomic group; non-white infants 
had higher rates compared with white in each sibling 
^category. This was not seen in any other 
socioeconomic group or for the data as whole. Most 
influenza A and B infections (25/40), however, 
occurred in the low socioeconomic infants (mostly 
due to the A/Victoria epidemic of 1975-6) and 
numbers were too small m other comparisons. 
Regardless of how the data were grouped, all 
analyses comparing infants with no siblings with 
«infants with one or two or more siblings showed lower 
rates of infection m those without siblings. In 
addition to the association with number of siblings, 
70% of infants with two or more siblings had at least 
-one school aged sibling, whereas for those with only 
one, the sibling tended to be of preschool age (15% 
school aged). During the epidemic of 1975-6,38% of 


aisritAToav illness 

Respiratory illness rates are shown in table 2 
according to the selected social and family factors. In 
general, the significant relationships and interesting 
trends found were in the area of more severe Alness. 
As shown in the first two columns of table 2, boys had 
higher rates of illness in several of the diagnostic 
categories but none of these trends was significant. 
The rate of total LRD varied significantly with both 
socioeconomic class (low v high only) and daycare 
attendance, and a similar trend was noted with 
increasing number of siblings. There were indications 
that all three factors may affect total LRD 
independently. The larger families were distributed 
almost equally among all three socioeconomic 
classes, although low and medium classes had higher 
percentages of families with two or more siblings (low 
39%, medium 38%, high 19%). Rates of total LRD 
for infants with two or more siblings were found to be 
highest in low socioeconomic families (166 per 100 
child years) and lowest in high socioeconomic class 
families (80 per 100 child years) i Also the low 
socioeconomic families were the least likely to send 
their infants to daycare.' Only 13% of low 
socioeconomic infants were in daycare compared 
with 26% of the medium and 35% of the high 
socioeconomic dass infants. 

Rates of total LRD for girls and boys not attending 
daycare were 69 and 105, respectively, while girl and 
boy infants attending daycare had rates of 123 and 
120. Rates of bronchiolitis and pneumonia were 
essentially equal for both sexes in daycare. 

A statistically significant variation in the rate of 
LTB (a component of LRD) was also found in all 
three socioeconomic dasses, but separate analysis of 
medium v high was found not to be significant 
(p-0062). 


No statistically significant relationship was teen 
between total respiratory Alness and parental 
smoking for the 1976-80 infants. Nevertheless, data 
on severe illnesses in 1975-6 were comparable with 
later years, and all six episodes of pneumonia that 
.year occurred in infants of mothers who smoked. 
Overall, from 1975 to 1980 there were 11 episodes of 
pneumonia and nine (82%) occurred in black infants 
of mothers who smoked. The highest rate of 
pneumonia (25) was found in inf ana with non- 
employed mothers who smoked and this compared 
with a rate of 1*5 in those with non-employed 
toothers who were non-smokers (p* 0*001), 
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Discussion bronchiolitis and pneumonia in infants and 

children,” but the influence of social and family 
In this study we doseJy monitored infants for viral factors have been little studied. Our results show a 
infections and respiratory symptoms through the first higher incidence of initial infections among infants of 
year of life for five consecutive years. Since we low socioeconomic class but no significant 
studied proved viral infection regardless of illness association with any of the factors studied: Fifty five 
and all illnesses regardless of severity, differences in per cent of the infants bad had at least one 
groups based on family recognition of illness and parainfluenza 3 virus infection, 
patterns of medical care were minimised+ It might Our study indicates that for influenza viruses 
therefore be expected that for such a ubiquitous (particularly type A) both race and number of 
group of viruses and such common illnesses the siblings influence the rate of infection: Kim er of 
impact of famfly and sodal factors would not be found that a larger percentage of black infants 
impressive. In fact, we were unable to find any (especially boys) in hospital for respiratory Alness 
consistent overall relationship between respiratory during 11 influenza epidemics had influenza A virus 
% viral infection or illness and the soda! factors studied, infection,** and our very different approach also gave 

We had previously noted a similar lack of overall is dications that blacks are at a greater risk for 
effect of breast feeding on viral respiratory infection influenza A infection. The effect of race on influenza 
and Alness in this same population.” Within this infection was not influenced by family size or 
general similarity of experience among infants living socioeconomic class even though a larger number of 
under different conditions, however, there were non-whites were in the low socioeconomic class. The 
selected findings of interest, especially in relation to present data also point to older siblings, particularly 
previous reports. This group of observations will be school age children, as introducers; infants were 
summarised and then discussed individually. RSV * more likely to be infected if they had school aged 
and para 3 notably could not be confidently related to siblings in the home. This was especially true during 
any of the study factors. The infection rates of rhino* * the epidemic of 1975—6 as previously reported* and 
influenza, and adenoviruses were all significantly has been observed by others.* 4 Hall a ai found that 
associated with two of the study factors but the -preschoolers were more often responsible for spread 
strongest and clearest relationships were found for of infection wi thin the family based on age-specific 
influenza viruses. Respiratory illness varied infection rates, but they noted that infection rates 
significantly with the study factors only when looking based on a fourfold serological rise rather than the 
at more serious illness categories. Important trends twofold rise they used would have shifted the highest 
included variation in severe illness rates with sex and age-specific infection rates to school age children.” 
number of siblings while significant relationships Rhinovirus infection rates were found to be 
existed between LRD, socioeconomic class, and influenced by sex and daycare attendance. In both 
daycare* Ho differences in LRD were found in instances the reason appeared to be a high rate of 
relation to parental smoking as an isolated factor. infection in girls attending daycare for which we have 
RSV is a major cause of respiratory illness in young no explanation, 
children, especially bronchiolitis and pneumonia.” ” Variation in Alness with social and family factors 
Previous studies have found no correlation between was generally restricted to LRD rates and most of the 
RSV infection and sex, race, or socioeconomic findings reported previously also refer to LRD. Boys 
class”’” although sex, low socioeconomic dais, and have been shown to have higher rates of LRD 
number of siblings, may influence the outcome of compared with girls* • ” ” at least to the age of 6. 
infection.” * “ Our data also show no correlation Although we found that the difference between boys 
between RSV infection and sex, race, or and girls was not significant for LRD, the ratio of 
socioeconomic dass, and, in addition, wt found no Alness, especially when looking only at non-daycare 
association with daycare. The relationship to attendee, was very dose to the 60:40 ratio found 
parental smoking must be considered questionable by Gardner.* The presence of siblings has also been 

because of the limitations of the data relative to this shown by previous studies to affect the seriousness 

virus in 1975-6. Hall er ai also found a questionable and number of Alnesses.* ” We were unable to show 

relationship between parental smoking and RSV that the difference in Alness rates between number of 

infection so that any association continues to be . siblings was significant for LRD but the trend was 

undocumented.” Sixty nine per cent of our study very suggestive. 

infants had had at least one RSV infection; this shows ^ wdoeconomic status has been thought to 
the high incidence m this age group. influence the rate of respiratory Alness by means of 

Parainfluenza type 3 virus is also a major cause of overcrowding, large family size, and inadequate 
LTB in young children and is an important cause of medical care. 4 ” We provided uniform medical care 
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“ and still found a higher me of LRD among infants of 
low aodoeconomic dass even when controlled for 
family cue (although numbers were small) and 
despite the fact that few of these infants were in 
* daycare. Factors other than medical cart or family 
—naeieem to be important influences on the inddence 
of LRD in the low sodoeconomic infants. Trends to 
more infection and illness in general were present in 
this group. 

Past studies have implicated daycare attendance as 
a cause of increased respiratory illness in children, 
espedally infants. Strangert and Loda eta! noted this 
m infants aged 6*15 months and under 12 months 
old, respectively. Bt “ Vihma found annual illness 
rates is daycare compared with home to be 6*3 v 
2-5." These results are in agreement with our 
findings. In addition, we found that girl infants in 
daycare seem to 16se the relative “protection" from 
LRD observed for girl infants at home. Rates of 
serious lower Pespiritory disease—that is, 
bronchiolitis and pneumonia—wer equal in boy and 
girt daycare menders. 

Infants of parents who smoked in our study were 
not at greater risk for viral infection or respiratory 
nines and even bad a lower me of LTB. The only 
exception to this was a significant relationship 
between pneumonia and parental smoking 
(espedally mothers at home^whdi^smokedy^nly 

^evident when the 1975-6 data' were included. This 
effect could not be separated from the influence of 
race or sodoeconomic dass. Our observations are in 
contrast with those of Harlap and Davies** and 
Leeder del* Both studies found a highly significant 
relationship berween passive smoking and lower 
respiratory illness, sperifically bronchitis and 
pneumonia. Methods in these studies differed 
considerably from our own; Harlap and Davies used 
data from large numbers of infants in hospital 
whereas Leeder ei al followed up a cohort of children 
by means of yearly questional res. Although the total 
number of episodes of LRD (112 including 1975) 
experienced by the infants in our study was small by 
comparison (espedally pneumonia), ascertainment 
was more direct and Alnesses were well documented. 

"We are grateful to Janet Wells, PAC, and her 
predecessors for making the Houston Family Study 
possible. Dr Abel Paredes participated in the study, 
1975-7. Excellent management of the manuscript 
was provided by Kay Brown. Supported by contracts 
AX-92611 and AI-22672 and grant USPHS-MOl- 
RR-0188 (Clinical Research Center) from the 
National Institutes of Health. Computational 
assistance was provided by the Qinfo project funded 
by the Division of Research Resources of the N1H 
grant number RR-00350. *' - 
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SUMMARY: As part of a longitudinal study of the respiratory health 
effects of indoor and outdoor air pollutants, pulmonary function', 
respiratory illness history, and symptom history were recorded at 
2 successive annual examinations of 10,106 white children living 
in 6 cities in the United States. Parental education, illness 
history, and smoking habits also were recorded, along with the 
fuel used 1 for cooking in the child's home. Maternal cigarette 
smoking was associated with increases of 20 to 35% in the rates 
of 8 respiratory illnesses and symptoms investigated, and paternal 
smoking was associated with smaller but still substantial increases. 
Illness and symptom rates were linearly related to the number of 
cigarettes smoked by the child's mother. Illness rates were higher 
for children of current smokers than for children of ex-smokers. 
The associations between maternal smoking status and childhood 
respiratory illness and symptoms were reduced but not eliminated 
by adjustment for parental illness history. Levels of forced 
expiratory volume in one second (FEV^) were significantly lower 
for children of current smokers than for children of nonsmokers 
at both examinations and highest for children of ex-smokers. Levels 
of forced vital capacity (FVC) were lower for children of nonsmokers 
than> for children of current smokers at both examinations, but the 
difference was statistically significant only at the first 
examination. Both the increase in mean FVC and the decrease in 
mean FEV^ among children of current smokers were linearly related 
to daily cigarette consumption. None of the respiratory illnesses 
and symptoms studied was significantly associated with exposure to 
gas cooking in the child's home. The largest odds ratio for 
respiratory illness before 2 yr of age was 1.13 (p = 0.07). 
Exposure to gas stoves was associated with reductions of 0.7% in 
mean FEVj and 0.6% in mean FVC at the first examination (p < 0.01) 
and reductions in both measures of 0.3% at the second examinations 
(NS) . The estimated effect of exposure to gas stoves was reduced 
by approximately 30% after adjustment for parental education. These 
results provide strong support for a causal effect of sidestream 
cigarette smoke on increased respiratory illness and reduced FEV^ 
values in preadolescent children. They also suggest that exposure 
to gas stoves may be associated with reduced pulmonary function 
but do not show increases in respiratory illness among children 
exposed to gas stoves. Understanding of the health effects of 
these indoor pollutants will be improved by studies quantifying 
individual exposure to cigarette smoke and gas stove combustion 
products. 
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Introduction 

Acute illness resulting from exposure 
to high concentrations of indoor air 
pollutants is a weiJ-recogni 2 ed clinical 
entity. Tfcagic episodes arising from sui¬ 
cide attempts or accidents with carbon 
monoxide are too common to require 
detailed documentation. Far more dif¬ 
ficult to assess are the health effects of 
indoor exposures to the concentrations 
of gases and particles encountered in 
the usual activities of daily living. 

Because most people spend more 
than 80 of their time indoors (1,2), 
and because efforts to reduce air ex¬ 
changes in homes have increased in the 
last several years, it is important to 
determine whether air contaminants 
from indoor sources affect respiratory 
illness rates and pulmonary function 
levels in children and adults. Respirable 
particulate concentrations are higher in 
homes of smokers than in homes of 
nonsmokers (3, 4), and increased con¬ 
centrations of nitrogen dioxide (N0 3 ) 
are found in homes where gas is used 
for cooking (5-9). However, the respi¬ 
ratory health effects of exposure to 
sidestream cigarette smoke and gas 
combustion products have only recent¬ 
ly been investigated. 

Most studies of children exposed to 
cigarette smoke have found increases in 
respiratory illnesses and symptoms (10- 
15) and reductions in indexes of pulmo¬ 
nary function (11-17), although a few 
studies have failed to find one or both 
of these associations (10, 18, 19). Sever¬ 
al studies have found increased respira¬ 
tory illness and symptom prevalence in 
homes with gas stoves (10, 20-22), but 
the associations have often been weak, 
and other studies have found no signifi¬ 
cant associations (23-25). Most studies 
of gas cooking and pulmonary func¬ 
tion levels have found no association 
(10, 22, 23), although Hasselblad and 
associates (26) reported reduced FEV, 
among older girls living in homes with 
gas stoves. Thus, the literature indicates 
reasonably good agreement about the 

366 


health significance of passive smoking 
but is inconsistent regarding the effects 
of gas stoves. 

The Six-Cities Study of the Health 
Effects of Respirable Particulates and 
Sulfur Dioxide (27) is a longitudinal 
study of the respiratory health effects 
of air pollutants among children and 
adults living in 6 cities in the United 
States. Although the study is longitudi¬ 
nal, completion of the first 2 annual 
visits by participating children permits 
a cross-sectional analysis of the effects 
of stove type and parental smoking 
habits on pulmonary function, respira¬ 
tory illnesses, and symptoms at enroll¬ 
ment and the first follow-up visit. 
These results update previous reports 
on gas stove exposure and passive 
smoking from this study (28, 29). The 
previous reports presented preliminary 
analyses from data provided by 8,120 


white children from 6 to 10 yr of age 
and indicated increased respiratory ill¬ 
ness before 2 yr of age and decreased 
pulmonary function levels in children 
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exposed to gas stoves. Parental smok¬ 
ing was found to be associated with in¬ 
creased respiratory illness but not with 
pulmonary function levels. This report 
presents a reassessment of those asso¬ 
ciations in the complete study cohort 
of 10,106 white children, using recently 
reported normal values in the pulmon¬ 
ary function analyses (30). We provide 
evidence for an exposure-response rela¬ 
tionship between the amount of mater¬ 
nal cigarette smoking and indexes of 
respiratory health. We also examine the 
importance of parental respiratory ill¬ 
ness and socioeconomic status as pre¬ 
dictors of illness in children. 


Methods 

Study Population 

The six cities were selected to represent a 
range of air quaiiiy based on their historic 
level* of outdoor pollution. Cooperation of 
local school authorities was required, and 
the school districts selected had to be of 
manageable size. The 6 communities in¬ 
cluded Watertown, Massachusetts; King¬ 
ston and Hamrnan; Tennessee; a geographi¬ 
cally defined area in the southeast section 
of St. Louis,‘Missouri; Steubenville and 
Mingo Junction, Ohio; Portage, Wisconsin 
and surrounding towns; and a random 
sample of 509* of the schools in Topeka, 
Kansas. 

In each city, the initial examinations in¬ 
cluded' all first- and second-grade school 
children in both the public and private 
schools within the community. Because 
Portage was considerably smaller than the 
other districts, the initial examination in¬ 
cluded children up to the fifth grade. In 
each i year after the initial examination, the 
same children were seen again and a new 
first grade was added until approximately 
1^00 children were enrolled in each com¬ 
munity. All available children in each com¬ 
munity are reexamined annually. The popu¬ 
lation for this analysis is made up of all 
white children enrolled during the first 3 
visits to each city. Nonwhite children were 
excluded from this analysis because the 
other racial and ethnic groups were rela- 
tively small. 

Health, Exposure, and 
Demofraphic Information 
At each visit, a questionnaire was sent borne 
(with an explanatory letter) to be completed 
by a parent or guardian and returned to the 
»thooL Families reported the number of 
Persons living in the home and their smok¬ 
ing habits, parental occupation and educa¬ 
tional i background, and the fuels used for 
cooking and heating. Information regard¬ 
ing respiratory illnesses and symptoms was 
guested in a format similar to that recom¬ 
mended by the Epidemiology Standardiza¬ 
tion Project (31). Although children in the 


fourth and higher, grades were asked sepa¬ 
rately about their smoking habits, smoking 
was rare in the young children included in 
this analysis, and was not considered as a 
possible risk factor. 

The children were examined at school. 
Their weight and standing height in stock¬ 
ing feet were measured, and they performed 
forced expiratory maneuvers on a recording 
spirometer (Stead-Wells survey spirometer; ‘ 
Warren E. Collins, Braintree, MA) while sit¬ 
ting with free mobility and without a nose- 
dip. Each child performed at least 5 forced 
expirations but not more than 8. Forced 
vital capadty (FVQ and forced expiratory 
volume in one second (FEV,) were meas¬ 
ured from the acceptable blows determined 
by the tester. The mean of the best 3 efforts 
was calculated, corrected to body tempera¬ 
ture and water saturation. Detailed descrip¬ 
tion of measurement procedures is given 
elsewhere ( 30 ). 

Of the respiratory illnesses and symptoms 
surveyed at the initial visit, responses con¬ 
cerning history of bronchitis, doctor-diag¬ 
nosed respiratory illness before.2 yr of age, 
and respiratory illness in the previous year 
that kept the child at home 3 days or more 
were analyzed. From the questionnaire 
given at the first follow-up visit J yr later, 
the frequency of respiratory illness in the 
previous year that kept the child at home 3 
days or more, bronchitis in the previous 
year, and the prevalence of persistent cough 
(for 3 months of the year or more) and per¬ 
sistent wheeze (most days or nights or apart 
from colds) were analyzed^ An index of 
lower respiratory illness, indicating the pres¬ 
ence of either bronchitis, respiratory illness, 
or persistent cough during the past year, 
was also computed and analyzed. 

Pulmonary function values were trans¬ 
formed to their logarithms (see Statistical 
Methods) and then expressed as residuals 
(differences) from height, weight, age, and 
sex-specific expected values based on previ¬ 
ously reported prediction equations (30). 
Pulmonary function residuals from the in¬ 
itial and first follow-up visits were investi¬ 
gated for associations with exposure to gas 
stoves and sidestream cigarette smoke. 
Results of these analyses are reported as 
deviations from J009* of the ratio of ob¬ 
served to expected pulmonary function 
level. 

Parental smoking sums was expressed 
both as a three-level variable based on re¬ 
ported smoking history (never smoked, ex- 
smoker, and current smoker) and as an 
ordinal variable, coded as the reported 
number of cigarettes currently smoked per 
day by each parent. To determine a dichoto¬ 
mous variable for cooking fuel, homer 
using any gas for cooking were classified as 
gas homes. A positive history of parental 
respiratory illness was defined as a history 
of bronchitis, emphysema, or asthma for 
either parent. To adjust for the effect of 
socioeconomic factors on respiratory 
health, we defined 3 classes based on the 


mean number of years of schooling of the 
parents (< 9. 9-12, > 12). For children in 
single-parent households, the years of edu¬ 
cation of that parent'were usedi As an alter¬ 
native measure of socioeconomic status, we 
considered an index proposed by Green (32) 
based on education and occupation. 

Statistical Methods 

The illness and symptom outcomes were 
analyzed by multiple logistic regression (33, 
34), using BMDP (35). For each outcome, a 
regression model was constructed, including 
gas cooking and parental smoking variables 
(because of their a priori interest as risk fac¬ 
tors), and other confounding variables as 
identified by prior analyses. Statistical sig¬ 
nificance of regression coefficients was 
determined by the chi-square approxima¬ 
tion for the likelihood ratio statistic inde¬ 
pendent variables considered included ma¬ 
ternal and paternal smoking status, stove 
type, beating fuel, air conditioning, and 
parental education. Because heating fuel 
and air conditioning did not enter signifi¬ 
cantly into any regression model, these vari¬ 
ables are not discussed further. City-cohort, 
an 18-category variable designating the city 
and year of enrollment, was included in 
every model to eliminate possible con¬ 
founding effects caused by city of residence 
and entry cohort Parental respiratory ill¬ 
ness history was then added to the explana¬ 
tory model to assess its importance as an 
intermediate or explanatory variable. The 
logistic regression analysis gave a regression - 
coefficient and standard error for each 
exposure variable. These coefficients were 
reexpressed as point estimates and 959* 
confidence intervals for the relative odds of 
disease for exposed relative to unexposed 
children. The adequacy of these summaries 
was examined by graphic and tabular in¬ 
spection of the illness and symptom rates 
for groups of children defined by values of 
the independent variables. Directly stan¬ 
dardized rates, based on the entire sample 
as the reference population, were used to 
summarize illness and symptom rates in dif¬ 
ferent exposure groups. To avoid empty 
cells, the rates given in table 4 are standard¬ 
ized for dry rather than city-cohort. 

We have previously reported (30) that for 
preadolescent children, FVC and FEV, 
should be expressed on the logarithmic 
scale to quantify variability as a percentage 
of the expected pulmonary function level. 
That report gave expected values for the 
logarithm of FEV„ /h(FEV,), and of 
/n(FVC), based on a linear regression of ob¬ 
served values on sex and the logarithms of 
height, weight, and age For this analysis, 
residuals were defined for each child by the 
difference between the logarithms of the 
observed and expected values of FEV, and 
FVC (or equivalently, the logarithm of the 
ratio of observed to expected). These resi¬ 
duals were investigated further by multiple 
regression analysis. For each visit and each 
pulmonary function outcome, an explana- 
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TABLE 1 


NUMBER OF WHITE CHILDREN SEEN BY CITY AND SCHOOL YEAR AT THE INITIAL 
EXAMINATION, AND TOTAL NUMBER OF WHITE CHILDREN REEXAMINED 
APPROXIMATELY ONE YEAR LATER 


City 

Season 



Ffrst Examination 



Second 

Examination 

(/ore/) 

74-75 

75-70 

76-77 

77-78 

76-79 

Total 

Watertown 

Fall 

ei3 

364 

367 



1,384 

1,197 

Kingston 

Spring 

533 

345 

376 



1,256 

1,030 

SL Louis 

Fail 


1,171 

749 

197 


am 

1,656 

Steubenville 

Spring 


624 

475 

479 


1,778 

1,559 

Portsge 

Fall 



• 701 

656 

320 

1,677 

1,493 

Topeka 

Spring 



1,412 

275 

207 

1,694 

1,449 

Total 







10,106 

6,384 


tory model was constructed by an approach 
parallel to that described previously for 
analysis of respiratory illnesses and symp¬ 
toms. To express the results as percentage 
change; we computed the antilogarithm of 
each regression coefficient, and multiplied 
by 100. Thus, associations between out¬ 
comes and indirect exposure measures are 
expressed as change from 100% in the ratio 
of observed to expected FEVY or FVC asso¬ 
ciated with a change in exposure status, 
along with 95% confidence intervals or 
approximate standard errors derived from 
the analysis on the logarithmic scale. Re¬ 
sults are given from the first 2 annual spiro- 
metric examinations of participating chil¬ 
dren. 


Rfttults 

Semple 

During the first 3 visits to the 6 cities, 
11,048 white children entered the study. 
Analyses for this report were restricted 
to the 10,106 children 6 to 9 yr of age at 
enrollment (table 1). A: the first follow¬ 
up visit, 8,380 (83%) of these children 
were reexamined: Reexamination rates 
varied from a low of 77% in Topeka, 
where follow-up was affected by school 
closings, to a high of 89% in Portage. 
Sample sizes for individual symptom, 
illness, and pulmonary function an¬ 
alyses varied because of missing data. 


particularly for respiratory illness b< 
fore 2 yr of age, which was not include 
in the questionnaire used during th 
first visit to Watertown and Kingston 
Harriman. 

Of the 10,106 children, 1,107 (11.0% 
did not have acceptable spirometri 
data. The frequency of unacceptable 
spirometic tests was strongly related tt 
age of the child. The rate for those 6 yi 
of age was 15.2%; for those 7 yT of agt 
9.6%; for those 8 yr of age, 7.4%;; for 
those 9 yr of age, only 5:6%. At the 
first follow-up visit, the overall' fre¬ 
quency of unacceptable tracings dropped 
to 5.7%. There was no association of 
unacceptable lung function examina¬ 
tions with any reported respiratory ill¬ 
ness or symptom after controlling for 
age and examination. 

Demographic Variables, Family History, 
and Respiratory Health 
Boys had Uniformly higher illness and 
symptom rates than did girls (table 2). 
All respiratory illnesses and symptoms, 
except history of bronchitis, were re¬ 
ported more frequently for younger 
than for older children. The negative 
association between illness before the 
age of 2 and age suggests that parents 


TABLE 2 

FREQUENCY (RATE PER 1,000) OF REPORTED ILLNESSES AND SYMPTOMS, BY SEX, AGE, 
CITY, PARENTAL EDUCATION, AND REPORTED PARENTAL RESPIRATORY ILLNESS HISTORY. 
DIRECTLY STANDARDIZED FOR SEX, AGE. AND CITY 


1*1 Examination 2nd Examination 


Doctor- Lowec 



Diagnosed 
Illness 
before sq» 2 

History of 
Bronchitis 

Respiratory 

Illness 

Last Year 

Respiratory 

Illness 

Ust Year 

Bronchitis 

Cough 

Whaaze 

Respi¬ 

ratory 

Indsx 

Number 

9,004 

10,006 

9.994 

6^92 

6,289 

6.264 

6.237 

6.240 

Sax 

Boy* 

241 

163 

140 

146 

69 

95 

127 

237 

Girls 

191 

136 

134 

137 

60 

64 

102 

219 

Age* 

0 

227 

155 

144 

— 

— 

— 

— 

— 

7 

212 

146 

140 

146 

92 

99 

121 

239 


222 

151 

124 

144 

78 

66 

113 

228 

9 

163 

153 

106 

129 

01 

87 

120 

213 

10 


— 

— 

121 

77 

67 

92 

194 

City 

Portaga 

223 

141 

86 

87 

45 

71 

111 

147 

Topeka 

206 

134 

125 

155 

62 

74 

115 

224 

Watertown 

129 

113 

139 

156 

56 

62 

89 

216 

Kingston 

341 

195 

181 

216 

128 

105 

148 

313 

St Louis 

196 

127 

126 

94 

60 

106 

111 

204 

Steubenville 

221 

210 

171 

160 

117 

119 

125 

261 

Parent's Education 

<Hlgh school 

265 

145 

152 

133 

67 

115 

146 

236 

Hign school 

220 

150 

137 

141 

62 

90 

118 

225 

>H)gh school 

195 

157 

130 

145 

86 

82 

94 

228 

Parent's Illness 

No 

174 

110 

109 

112 

62 

75 

91 

164 

Yes 

299 

261 

207 

197 

156 

136 

164 

330 


* Excludes forty-towr 7-yr.od and runt 11-yr-otd ebUdran at tha aaeond examination. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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arc less likely to recall early illnesses as 
the child matures. Rates varied substan¬ 
tially among cities, typically being 
highest in Kingston and Steubenville. 
Rates also varied within city from year 
to year (not shown). Thus, further 
analyses were adjusted for sex, age, and 
city-cohoru Illness before 2 yr of age, 
cough, wheeze, and respiratory illness 
at the initial examination were nega¬ 
tively associated with level of parental 
education (table 2). For the other 4 out¬ 
comes, the association was either ab¬ 
sent or weakly positive. The effect on 
risk factor analyses of controlling for 
education or other measures of socio¬ 
economic status is discussed below. 

The strongest risk factor for respira¬ 
tory illness among these children was a 
history of parental respiratory illness 
(table 2). Children whose parents had a 
positive history had 72 to 155^o higher 
illness and symptom rates than did chil¬ 
dren whose parents had a negative his¬ 
tory. Because parental history could be 
either an intermediate or a confound¬ 
ing variable for the effects of gas cook¬ 
ing and sidestream cigarette smoke, 
analyses of these risk factors are pre¬ 
sented both with and without adjust¬ 
ment for family illness history. 

.. Individual values of In FVC and In 
FEV, were adjusted for sex and age by 
subtracting the sex-, age-, height-, and 


weight-specific predicted values from 
each observation (30). Consequently, 
mean residuals of FVC and FEV, (ex¬ 
pressed in percent) were not significant¬ 
ly associated with either sex or age 
(table 3). Pulmonary function residuals 
were smaller at the first than at the 
second examination for both boys and 
girls. This was due primarily to poor 
performance of the spirometric maneu¬ 
ver at the first examination. Mean resi¬ 
duals differed significantly among the 
cities. The city-specific means are simi¬ 
lar at the 2 examinations for 4 of the 6 
cities. Topeka and St, Louis show signi¬ 
ficant increases between the first and 
second examinations. Thus, further 
analyses of the effects on pulmonary 
function level of exposure to gas cook¬ 
ing and parental smoking were adjusted 
for city-cohort. * 

Although adjusted mean residuals of 
FVC and FEV, increase with level of 
parental education (table 3), neither 
association is significant Parental 
respiratory illness history is not signifi¬ 
cantly associated with either FVC or 
FEV,. 

Parental Smoking 


highest rate, and children of ex 






5). (Ex-smokers were ex 
eluded from this analysis 



imokeh 0ts 



TABLE 3 


MEAN RESIDUAL PULMONARY FUNCTION (%)• AT FIRST (n m 8.994) AND SECOND 
EXAMINATIONS 7.145) BY SEX. AGE, CITY. PARENTAL EDUCATION. AND 


pis year 

«• 0.09). A 
nonlinear component for these rela¬ 
tionships could not be identified for 
any illness or symptom. Linear rela- 


REPORTED PARENTAL ILLNESS HISTORY _ 

1st Examination 2nd Examination 



FVC 

FEV,, 

FVC 

FEV, 

S*x 

Boys 

— 0.35 

-0.18 

♦:1i2l 

♦ 0.80 

Girls 

-0.24 

-0.12 

+ 1.01 

♦ 030 

AQ* 

6 

7 

-0.3a 
-0.47 

♦ 0.03 
— 0-27 

♦ 1.01 

♦ 0.77 


-0.28 

- 0-28 

♦ 1.01 

♦ 0.93 

9 

♦ 0.72 

-0.06 

+ 1.01 

♦ 0.57 

10 



♦ 0.92 

♦ 0 39 

City 

Porugs 

♦ 2.70 

♦ 2.14 

♦ 2.87 

♦ 2.57 

Toe*** 

-Ut 

-1.73 

♦ 230 

♦ 134 

Wattrtown 

-1.94 

-0.95 

-2.00 

-039 

Kingston 

♦ 0.22 

-0.92 

♦ 0.64 

-0.40 

St Louis 

-0.66 

-0.34 

♦ 1.36 

♦ 0.90 

StsubsnviH# 

♦ 0.42 

♦ oai 

♦ 0.66 

♦ 0.23 

Parent's Education 

<High school 

-0.41 

-0.54 

— 0.23 

-0.44 

High school 

-0.13 

-0.14 

-0.13 

-0.17 

>Hlgh school 

♦ 0.38 

♦ 0.45 

♦ 0.39 

♦ 032 

Parent's lllnoss 

NO 

♦ 0.02 

♦ 0.24 

♦ 0-02 

♦ 0.13 

Yss 

♦ 0.23 

— 0.27 

♦ 0.21 

— 0.23 


Ooftnttion a of ibbr+rftionr FVC » forced vital CAOACity; FEV, ■ forc#0 **c*r*lory m on* ••eand. 

* m> cn*n$* from tOCH Ft ratio of oOaarvod to Mpoctrt *aiu«. 


tionships were also found when the 
analysis was restricted to children of 
housewives, and when the combined 
current daily cigarette smoking of the 
father and mother was used to estimate 
level of exposure. However, the com¬ 
parisons with maternal smoking level 
produced the strongest associations. 

A reported parental history of bron¬ 
chitis, emphysema, or asthma was a 
highly significant independent risk 
factor for each of the illnesses and 
symptoms studied (table 6); Odds ra¬ 
tios for the 8 outcomes by parental his¬ 
tory varied from 1.99 to 2.88, Adjust¬ 
ment for parental respiratory illness 
history reduced the estimated effects of 
maternal smoking on respiratory ill; 
nesses and symptoms, but theassocit 

Adjustment for the educational at¬ 
tainment of the parents reduced only 
slightly the estimated effects of mater- 


£ 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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TABLE A 

FREQUENCY. (RATE PER 1,000) OF REPORTED ILLNESSES AND 1 SYMPTOMS (AND STANDARD ERRORS) BY PARENTAL SMOKING AND 

STOVE TYPE, DIRECTLY STANDARDIZED FOR AGE. SEX. AND CITY 



lit Examination 



2nd Examination 



Number 
it 1>t 

Examination 

DoctOr- 

Diagnoaad 

Ulnaaa History of 

bsfors IQ« 2 Bronchitis 

Raspiratory 

lllnass 

Last Y«sr 

Raspiratory 

Hints* 

Last Yaar 

Bronchitis Cough 

Whsazs 

Low 

Ast; 

rate 

Inoe 


Smoking Status 










Mothsr 

Nsvaf 

4,044 

183(6) 

137 (5) 

124 (5) 

130(6) 

74 (4) 

78(5) 

99(5) 

205 ( 

Ex 

1,485 

205 (11) 

152 {9) 

131 (9) 

147 (10) 

78(7) 

93(6). 

114(9) 

239 C 

Currant 

Unknown 

Fsthar 

4^208 

372 

242(7) 

159 (8) 

149(5) 

IX (8) 

95(5) 

96 (5) 1 

128 (6) 

243 ( 


1332 

185 (10) 

135 (8) 

129(8) 

127(9) 

79(7) 

76(7) 

104 (8) 

202 (’ 

Ex 

1,784 

204 (10) 

160 (9) 

123 (8) 

138 (8) 

89(7) 

79(7) 

106 (8) 

222 (V 

Currant 

Unknown 

1319 

229(6) 

149(5) 

137 (5) 

143 (5) 

•2(4) 

#7(5) 

119(5) 

231 r 

Currant Parantsi 

Naithar 

2.726 

173 (12)* 

IX (10)* 

123 (6) 

129(7) 

78 (5) 

77(6) 

99 (6) 

206(1 

Fathar Only 

Z193 

203 (81 

141 (7) 

IX (7) 

134 (8) 

73 (6) 

87(6) 

107 (7) 

217 n 

Mothar Only 

817 

209 (17) 

151 (15) 

137 (12) 

144 (13) 

IX (11) 

76 (10); 

117 (12) 

227 (1 

Both 

Unknown 

Stova Typa 

Z792 

1378 

235(7) 

160 (6) 

143(7) 

146 (8) 

90 (6) 

106 (7) 

131 (7) 

240 5 

Gaa 

4,685 

216(8) 

140(7) 

146 (7) 

135 (8) 

88(7) 

88 (6) 

126(9); 

235(i; 

Elactrfc 

Unknown 

5.035 

388 

204(7) 

161 (6) 

IX (6) 

1*4 (6) 

88 (5) 

88 (5) 

116 (6)i 

222(7 


* ftAM on vnojung tottery rttftor men on current tmotung. 


nil smoking on respiratory illness and 
symptoms; however, in all cases, a % 
tisucally^signlGcant positive relation 
«Spiwnamed In particular, for wheeze, 
which had the strongest association 
with parental education (table 2), the 
estimated odds ratio for exposure to 
maternal smoking of 1 pack per day 
relative to no exposure was 1.30 (95% 
confidence interval, 1.15 to 1.47), when 
adjusted for parental education, versus 
1.34 (1.19 to 1.47) without adjustment. 


The x 3 test for linear trend was 17.86 (p 
< 0.0001) after adjustment for parental' 
education. A similar result was ob¬ 
tained using Green's index of socioeco¬ 
nomic status (32). 

The FVC was significantly higher for 
children of mothers who were either 
current or ex-smokers, relative to chil¬ 
dren of nonsmokers, at the first exam¬ 
ination (p < 0.05) (table 7). A nonsigni¬ 
ficant association in the same direction 
was observed at the second examina- 


TABLE 5 


RELATIVE ODDS OF RESPIRATORY ILLNESSES AND SYMPTOMS BY MOTHERS* 
REPORTED DAILY SMOKING, COMPARED WITH CHILDREN WHOSE MOTHERS 
REPORTEO NEVER SMOKING 






Matsmal Smoking 
Currant Daily Smoking 





Numbar 

0 

1-5 

8-15 

18-25 

28-35 

38-45 

48 + 

z* 

P 

Doctor-Oiagnoaad 
rasplratory illnsta 
bafora sgs 2 

7.273 

1.X 

1.04 

IX 

1.42 

1.46 

1.58 

2.69 

4148 

0.00X 

History of bron- 
chttis 

7.944 

1 .x 

u» 

1.19 

1.20 

1.42 

1.26 

Z04 

13.68 

0.0X2 

Raspiratory Hlnass 
last yaar 
(1st axam> 

7307 

1 .x 

1.58 

.97 

1.15 

Z56. 

* 1.01 

1.07 

2.95 

0.066 

Raspiratory illnass 

last yaar 

(2nd axam) 

6,613 

1-00 

1.X 

1.07 

1.15 

1.42 

1.84 

1.26 

13.13 

0.0003 

Bronchitia last yaar 

6,613 

1 .x 

1.74 

1:24 

1.25 

1.X 

1.63 

1.58 

6.34 

0.012 

Cough last yaar 

6.594 

1.X 

1.01 

1.30 

1.11 

1.46 

2.12 

1:24 

14.52 

0.0X1 

Whaaza last yaar 

6.576 * 

1.X 

1:17 

1.11 

1.27 

1.39 

Z31 

145 

24.94 

0.0000 

lowsr rasplratory 
indsx 

6,576 

1.X 

1.15 

1.X 

UO 

1-29 

1:78 

1.87 

23 82 

o.oox 


tion. A similar pattern was observe 
based on the father's smoking. Chi 
dren whose mothers were currer 
smokers had 0.6% lower mean FEV 
than children of nonsmokers at the fin 
examination (p * 0:03) and 0.9% lowc 
mean level at the second examinatio: 
(p < 0.001). Children of ex-smokin 
mothers had the largest FEV! residual 
at both examinations. The difference 
between the ex-smoking and curren 
smoking groups were significant (p < 
0.05), whereas, those between the ex 
smoking and nonsmoking groups wen 
not. Children whose fathers were cur 
rent smokers had a reduction in FEV 
of 0.01% at the first examination (NS 
and 0.7% at the second (p - 0.03). 
relative to children of nonsmokers. 
Among current smokers, maternal 
smoking was more strongly associated 
with reduced FEV, than was paternal 
smoking when the two exposures were 
considered jointly (table 7). 

Current maternal smoking level was 
significantly linearly associated with 
increased FVC (p ■ 0.006) only at the 
first examination. A highly significant 
negative association (p < 0.001) be¬ 
tween maternal smoking level and 
FEV, was found at both examinations 
'(figure 1). If a child's mother smoked 1 
.pack of cigarettes per day, the esti¬ 
mated reduction in the child's FEV, 
was 0.7 ± 02% at the first examina- 

2023382914 
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TABLE 6 


ODDS RATIOS FOR RESPIRATORY ILLNESSES AND SYMPTOMS BY REPORTED PRESENCE OF RESPIRATORY ILLNESS IN PARENTS AND 
MOTHERS' SMOKING 1 PACK/DAY., WITH AND WITHOUT ADJUSTMENT FOR PARENTAL RESPIRATORY ILLNESS HISTORY. ALL ANALYSES 

ARE CONTROLLED FOR AGE, SEX, AND CITY-COHORT 



NumOar 

Parents’ 

lllrress Only 

Mothars' 
Smoking Only 

Mothars’ Smoking 
Control red for 

Pa/ant t mnass 

Doctor-dreg nos ad respiratory llinas* 
batons aga 2 

6.676 

205* 

135* 

136* 

History of bronchitis 

6375 

2.77* 

1.16* 

1.07 

Raspiretory ilinaas real yaar. 

(1st axam) 

6,679 

216* 

135> 

1.18* 

Raspiretory ilinaas Iasi yaar 
(2nd axam) 

6.414 

1.99* 

1.15t 

1.09 

Bronchitis 

5,416 

238* 

l.lBt 

136 

Cough 

5,401 

211* 

134* 

136* 

Whaaza 

5JK 

230* 

131* 

133* 

Lowar respiratory tnoax 

5390 

232* 

133* 

1.16* 


•p < OOOl 
< Ol 06 . 
*p<O0l- 


tion and 0.8 ± at the second 

examination. Adjustment for parental 
education did 

FVC or FEV,. 

Because of the positive association 
between passive smoke exposure and 
respiratory illnesses and symptoms in 
these children, the regression analyses 
of FVC and FB V» were repeated, con^ 
trolling for each of the illnesses and 
symptoms. There was no significant 
association between FVC or FEV, and 
any of the respiratory illnesses or symp¬ 
toms in the previous year. The FEV, 
was significantly reduced for children 
with a reported history of bronchitis or 
respiratory illness before 2 yr of age, 
-1.5% at the first examination (p < 
0.001) and -1 at the second exami¬ 


nation (p < 0.001). The FVC was also 
reduced by -0.5 and -CL2^«, but the 
differences were not significant. Con* 
trolling for su^ a,h^oj^gi(|po^^ 

of mStOTSrsmoioiS. For example, the 
estimated reduction in FEV, associated 
with maternal smoking of 1 pack per 
day, controlling for history of respira¬ 
tory illness, was 0.7 ± 0.2 at both 
examinations (table 7). 

To investigate the possibility of dif¬ 
ferential effects of parental smoking on 
boys and girls, the analysis of each pul¬ 
monary function and respiratory illness 
outcome was repeated separately for 
boys and girls, using maternal smoking 
level as the risk factor. For the ^respi¬ 
ratory illness and symptod^utcomes, 
the estimated effect of maternal smok¬ 


ing was larger in boys in 5,instances andp 
larger in girls in 3 instances (results nfrt 
shown). The difference in the odds ra¬ 
tios was not statistically significant for 
any of the 8 outcomes. Similarly, the 
estimated reduction in FEV, associated 
with maternal cigarette smoking did 
not differ significantly for boys and 
girls. 

Gas Cooking 

Directly standardized rates of reported 
illnesses and symptoms (table 4) failed 
to show a consistent pattern of in¬ 
creased risk for children from homes 
with gas stoves compared with children 
from homes with electric stoves. Logis¬ 
tic analyses (not shown) controlling for 
age, sex, city-cohort^ and maternal 
smoking level gave estimated odds ra¬ 
tios for the effect of gas stoves ranging 
between 0.93 and 1.07 for bronchitis, 
cough, wheeze, lower respiratory index, 
and illness for the last year reported at 
either examination. None of these odds 



L- I- 

I It « H • M M M 

NOTHCft’S 0A1 it etc MOTHf**) daily C1C 

Fig. 1. Maan In pulmonary function residuals 1 
$D) by mothars ’ report ad daily cigaratia smoking, 
compared with chi id ran whoa* mothars hava 
rta*af smokad. Square* repress nt tht first ax a m^ 
mat ion <n *7,112) and triangias reprasant tht 
aacond axamination (n* 6,2781 


TABLE 7 

MEAN RESIDUAL PULMONARY FUNCTION LEVEL* (AND STANDARD ERROR) BY SMOKING 
_ STATUS AND TYPE OF COOKING STOVE, ADJUSTED FOR CITY-COHORT _ 

1st Examination 2nd Examination 



FVC 

REV, 

FVC 

FEV„ 

Smoking Status 

% 

% 


% 

Mothar 


-0.40 (031) 

♦0-17 (0.19) 

-0.14 (031) 

+ 037(0.19) 

Ex 

+ 035 (033) 

+ 0.64 (0.31) 

+ 036 (033) 

+ 0.42 (031) 

Currant 

+ 0.14(0.19) 

-0.46 (0.18) 

+ 032(031) 

— 033 (030) 

Fathar 

Navar 

-0.45 (030) 

-0.05 (039) 

+ 034 (030) 

+ 037(039) 

Ex 

+ 0.41 (030) 

+ 0.66 (038) 

+ 0.03 (038) 

+ 0.41 (037) 

Current 

+ 0.07 (0.18) 

-036(0.17) 

-0.01 (0.19) 

-0.13 (0.18) 

Currant parental 

Naithar 

-0.75 (037) 

-0.17(036) 

+ 033 (038) 

+ 033 (035) 

Fathar only 

+ 0.11 (037) 

+ 0.61 (036) 

-0.13(038) 

+ 0j18 (036) 

Mothar only 

+ 0.38 (0.45) 

-0.09 (0.43) 

-0.40 (0.43) 

-0.72 (0.44) 

Both 

+ 0.01 (035) 

-035(034) 

♦ 0.06 (036) 

-0.41 (035) 

Stova typa 

Eiactnc 

+ 033 (0.18) 

+ 036 (0.17) 

♦ 0.16 (Q.1B) 

+ 0.14 (0.17) 

Oat 

-032 (0.19) 

-033 (0.18) 

-0.16(0.19) 

-0.14 (0.19) 


For oaf mil ion* of aPOramaliona, *•* tap* X 

*Expres*ad as changt from 100% m ratio of oasanred to axpoctad rare*. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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ratios was significantly different from 
I.: Only-the odds ratios (OR) for history 
of bronchitis (OR ■ 0.86; 95% confi¬ 
dence interval, 0.74 to 1.00) and respi* 
ratory illness before the age of 2 (OR « 
1.13; 95% confidence interval, 0.99 to 
128) approached statistical signifi¬ 
cance. 

Use of gas stoves was strongly associ¬ 
ated with parental educational attain¬ 
ment. The percentage of homes using 
gas stoves was 65% for families in the 
group with lowest education* 46% in 
the middle group, and 33% in the 
highest. When the logistic analysis was 
repeated with adjustment for parental 
education* the estimated odds ratio for 
illness before 2 yr of age was 1.11, with 
a 95% confidence interval of 0.97 to 
107 (p - 0.14). 

Children from homes with gas stoves 
had lower pulmonary function levels 
than did children not exposed to gas 
stoves at both examinations. The defi¬ 
cits at the first examination were 0.6% 
(p - 0.01) for FVC and 0.7% (p - 
0.03) for FEV,. At the second examina¬ 
tion, the mean reduction was 0.3% 
(p - 6.17) for FVC and 0.3% (p « 
0.26) for FEV,. All comparisons were 
controlled for city-cohort and maternal 
smoking level. After, a djustment for 
‘ ‘ ; left- 

MtgSfSCtKtiB 

'‘ie 

anger significant 

Discussion 




dunntfchildhood. Of the children in 
this sample, 43% had mothers who 
were current smokers (table 4), 59% 
had fathers who were current smokers, 
and 68% had at least one parent who 
was a current smoker. Thus, effects of 
sidestream cigarette smoke of the size 
observed in this study would represent 
a substantial public health burden. 



the association between impaired health, 
and passive smoke exposure was stronger 
with maternal than with paternal or 
total parental smoking. Children of ex- 
smokers had respiratory illness and 
symptom frequencies that were typical¬ 
ly between those of nonsmoking and 
currently smoking mothers. This was 
true for recent illness and symptom 
experience, as well as for early child¬ 
hood illnesses. These findings are con- 

^pothesis that exposure to .agaterte 


A history of either parent smoking was 
associated with a similar increase in the 
reported prevalence of early childhood 
respiratory illness. Each of these respi¬ 
ratory health indexes is linearly related 
to the current amount of cigarette 
smoking by either both parents or the 
mother alone. In all of these analyses. 


4mok^ increases the risk 
ponmeous respiratory illness. 

The stronger association with mater¬ 
nal rather than paternal smoking for 
these conditions is consistent with the 
independent findings of other investi¬ 
gators. Fergusson and coworkers (13) 
found respiratory illness in the first 
year of life to be highly associated with 
maternal smoking, and paternal smok¬ 
ing did not enter their model after con¬ 
trolling for maternal smoking. In their 
birth cohort of 1*265 children, the asso¬ 
ciation between maternal cigarette 
smoking and respiratory illness was 
equivocal in the second year of life and 
no longer apparent during the third 
year. Weiss and associates (11) found 
persistent wheeze to be directly related 
to the number of smokers in the house¬ 
hold among children 6 to 19 yr of age. 
Subsequent analyses of these data (36) 
confirmed that the association is strong¬ 
ly influenced by maternal smoking. 
Similar findings restricted to children 5 
to 11 yr of age have been reported by 
Schenker and associates (37). 

The somewhat stronger association 
of respiratory illness with maternal 
than with paternal smoking habits need 
not imply any special risk associated 
with maternal smoking. A more plausi¬ 
ble interpretation is that the risk factor 
is exposure to sidestream cigarette 
smoke, and that children are more like¬ 
ly to be with their mothers than with 
their fathers at the times smoking 
occurs. 

Although some investigators have 
not reported significant passive smok¬ 
ing relationships, their findings, given 
the size of the populations under inves¬ 
tigation and methods used to adjust 
symptoms or disease rates, are consis¬ 
tent with our results. The total number 
of children younger than 10 yr of age 
available to Schilling and colleagues 
(19) was so small that a 20 to 35% in¬ 
crease in relative risk could not be de¬ 
tected. In contrast. Dodge (10) found a 


significant passive smoking effect ti 
was reduced (as in our study) by adju 
ing for parental history of respiratc 
disease. The resulting coefficients, ; 
though relatively unchanged in mag: 
tude and direction, were no longer si 
nificant. However, in a small group 
sixth graders, who completed their ov 
questionnaire, the gradient aero 
smoking categories persisted and w. 
significant. 

Among the children participating : 
the Six-Cities Study, there was a stror 
association between reported parent- 
respiratory illness (emphysema, brot 
chitis, or asthma) and higher prev; 
lence of symptoms and illness (tables 
and 6). This may be explained in pa: 
by overreporting of the child’s respire 
tory illnesses by smoking parents wh 
themselves have respiratory problem: 
or equivalently by the underreportin, 
of nonsmoking parents. Such reportim 
bias cannot be separated in these an 
alyses from real differences in preva 
lence caused by familial aggregation a 
higher susceptibility within families 
However, all the illnesses and symp 
toms still show increased prevalena 
associated with parental smoking after 
adjusting for parental illness (table 61 
JhuLsuggests that passive environment 
is a cause & 

respiratory Ulnef£ 

/Changes in teyel of FEVi, although 
fdariyely smalt wot firiearly related to 
amount smoked tngure 1). For mater¬ 
nal smoking of 1 pack per day, FEV, is 
estimated to be lower by 0.6 to 0.8%, or 
10 to 20 ml for a child with FEV, be¬ 
tween 1.5 and 2.5 L. Tager and cowork¬ 
ers (17) found a comparable association 
when they used maximal midex piratory 
flow (MMEF), although initially they 
were unable to demonstrate the effect 
with FEV,. Subsequent studies of these 
same children demonstrated the passive 
smoking effect for both FEV, and 
MMEF (36). Similar effects were found 
in a study of 4,000 children in a rural 
area of western Pennsylvania (37). 
However, the TUcson group (38) was 
unable to demonstrate this effect after 
adjusting for the pulmonary function 
level of the parent. Because cigarette 
smoking is associated with level of pul¬ 
monary function, the adjustment for 
parental level of function may have 
resulted in overadjustment. 

Because the association between 
FEV, level and parental cigarette smok¬ 
ing had not been found in a previous 
analysis of a subset of these data (28), 
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a series of comparative analysts were 
performed in that subset and in the en- 
‘ tire data set providing the basis for this 
report. Those analyses established that 
the laclt^of iLssodation ln .Uie earlin 
%r^^on was atmbuSWe m apprac- 
£ equal measured theusebr 
i ntb^ than^ to maternal smok* 
Injg asthWocposure variable and to 
S$e of a normative mod^Tor | 

omai 


living 


The FEV, levels were not reduced in 
children of ex-smokers. However, in 
our study, we did not determine when 
these parents became ex-smokers and 
therefore cannot assess whether these 
ex-smokers were in fact ever smokers 
during the lifetime of their children. We 
have similar difficulty in trying to 
assess whether the effect noted is due to 
current exposure, cumulative exposure, 
or exposure at some earlier point in 
time: Because most parents’ smoking 
habits axe not likely to have changed 
significantly over the course of their 
children 1 * first II yr of life, all 3 effects, 
or any combination thereof, could be 
-operative. 

We note, as have others (Veda! S and 
associates. Risk factors for childhood 
respiratory disease: analysis of pulmon¬ 
ary function. Am Rev Respir Dis, sub¬ 
mitted for publication), that FVC was 
highest in children from households 
with parents who smoke. Some studies 
suggest that young adult smokers may 
have larger FEV* and FVC than do 
nonsmokers; however, the reason gen¬ 
erally offered is that young adults with 
a histoiy of respiratory illness are rela¬ 
tively disinclined to smoke. This would 
appear to be an unlikely explanation 
for the differences seen in young adults 
and would not explain a corresponding 
response to sidestream cigarette smoke. 

In assessing the strength of the evi¬ 
dence given above for an effect of side- 
stream cigarette smoke on respiratory 
health, it is important to remember that 
the various indexes are not indepen¬ 
dent. The correlations, or phi coeffi¬ 
cients (34), between pain of illnesses 
and symptoms reported here varied be¬ 
tween 0.14 and 0.37. Correlations were 
highest for illness before 2 yr of age 
and history of bronchitis, history of 
'bronchitis and bronchitis in the last 
. ytar, and wheeze and cough. Although 
these correlations are highly significant 
and indicate strong associations be¬ 
tween the various outcomes, they are 


not so large as to indicate that the dif¬ 
ferent outcomes are redundant. The 
FVC and FEV, values are also highly 
correlated in young children. Because 
of the relationships among these out¬ 
comes, the many associations examined, 
and the large sample sizes, we have not 
emphasized individual p values in inter¬ 
preting these data. JUther^we f havr 

ag fif that criterion. 
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exposure 


An estimated odds ratio for respiratory 
illness before 2 yr of age of 1.23 (p < 
0.01) previously reported from this 
study (28, 29) has been reduced to 1.12 
(p « 0.07) by the inclusion of addi¬ 
tional children enrolled in the study but 
not available for the first analysis. A 
scries of anaJyses comparing the 2 re¬ 
sults established that this resulted pri¬ 
marily from the absence of an associa¬ 
tion between stove type and illness 
before 2 yr of age in the new cohorts 
rather than from small differences in 
models or statistical methods. No other 
respiratory illness or symptom was 
found to be significantly associated 
with stove type. Although respiratory 
illness before 2 yr of age may be a sensi¬ 
tive index of the effects of gas combus¬ 
tion products, such an association from 
these data should be interpreted cau¬ 
tiously because the analysis links ex¬ 
posure at 6 yr of age or older with ill* 
ness before 2 yr of age. 

These analyses confirm the earlier 
finding of approximately 0.6% lower 
FVC and FEV l levels at the first 
examination among children exposed 
to gas stoves. We also found a differ¬ 
ence of 0J% at the second examina¬ 
tion. However, level of parental educa¬ 
tion is negatively associated with use of 
gas stoves and positively associated 
with pulmonary function level. Conse¬ 
quently, controlling for parental educa¬ 
tion reduces this association; This may 
represent confounding but may also 
represent overadjustment for a surro¬ 
gate for gas stove use. 

Controlling for city-cohort in these 
analyses substantially reduces, although 
it dots not eliminate, the potential for 
bias caused by ethnic diffe r en ces , 
examiner effects, equipment differ¬ 
ences, and many other factors that in¬ 
fluence indexes of respiratory health. 
However, the sensitivity of an analysis 
based on exposure categories, such as 
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parental cigarette smoking, is limited 
by the weak relationship between these 
categories and individual exposure to 
gases or paniculate matter. The docu¬ 
mented variation in particulate and ni¬ 
trogen dioxide concentrations among 
homes with equal numbers of smokers 
or the same type of stove (4-9) implies 
that the exposure variables used in 
these analyses are subject to substantial 
measurement errors. Although the ef¬ 
fects of these errors are not completely 
understood (39), they are likely to bias 
the estimated measures of association 
toward the null value. Thus, better 
understanding of the health signifi¬ 
cance of these indoor pollutants may 
require epidemiologic studies including 
refined measurement of personal expo¬ 
sure. 

Finally, the .medical significance of 
these findings related to passive smok¬ 
ing remains undetermined. The illness 
and symptom effects may be transient, 
and the effects on pulmonary function 



term follow-up and comparisons be¬ 
tween children from homes where 
others smoke will be required to resolve 
this potentially important public health 
question. 
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Fergusson, D.M., Horwood, L.J. "Parental Smoking and Respiratory 
Illness During Early Childhood: A Six-year Longitudinal Study" 
Pediatr Pulmonol 1: 99-106, 1985. 

SUMMARY: The relationship between parental smoking habits and 
lower respiratory illness and symptoms during the first 6 years of 
life was studied in a birth cohort of New Zealand children. This 
showed that maternal (but not paternal) smoking was associated 
with significant increase in rates of lower respiratory infection 
and lower respiratory symptoms during the child's first 2 years. 
This association persisted when a range of perinatal, social, and 
familial factors were taken into account statistically. After two 
years there was no detectable association between parental smoking 
habits and ; lower respiratory infection. Further, there was no 
evidence to suggest that children whose parents smoked ; had increased 
risks of asthma or rates of asthmatic attacks during early 
childhood. 
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Parental Smoking and Respiratory Illness 
During Early Childhood: 




A Six-year Longitudinal Study 
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Summary* The rtlatonsivD between parental smoking habits and to**r respiratory ill¬ 
ness and symptoms during the first 6 years of life was studied m a birth cohort of New 
Zealand children TNs showed that maternal (but not paternal) smoking was associated 
jpnntn significant increase * rates of tower respiratory infection and tower respiratory symi> 
lom$ during t^ ch**d s_ftfst 2 yeftrs This association pcrsetedwhen a range of penn^taf 
<#oc*aJ, and firruiiai factors were taken mto account statistcait^wer two years there was 
no detectable association between parental smoking habits and to*er respiratory infec¬ 
tion Further, there was no evidence to suggest that children whose parents smoked had 
increased risks of asthma or rates of asthmatic attacks during early chiidhoodj (Key words 
asthma, children, cigarene smoumg. tower respiratory iHness, parental smoking) ficoatr 
Pulmono* 198$, 1:99-106 


A number of studies have examined the rela¬ 
tionship between parental smoking and lower re¬ 
spiratory Illness in children'^and. in general, 
the results have suggested that parental smok¬ 
ing may be harmful to children. Perhaps the 
best-documented Rndings relate to the increased 
rates of lower respiratory Infection and symp¬ 
toms that have been observed in children under 
2 years of age whose parents (and. particularly, 
the mothers) smoke. 4 ** '• 11 This association has 
been found in a variety of studies that have used 
both retrospective and concurrent measures of 
medical consultation for lower respiratory infec¬ 
tion. 1 ** 41 maternal reports of lower respiratory 
symptoms/ ‘and hospital attendance data. 1 The 
correlation has been shown to persist when a 
large number of potentially confounding factors 
have been controlled, including family social 
background. 1 * * •• 41 family composition. 1 ** lower 
respiratory illness in the child's family. 11 49 in¬ 
fant feeding practices. - * and perinatal history. 141 
In at least two studies the association in children 
between early lower respiratory illness and pa¬ 
rental smoking has been shown to disappear at 
around 2 years of age. 1 * 

A further series of studies have suggested 
that, in school-aged children, parental smoking 
and. particularly, maternal smoking is asso¬ 
ciated with increased rates of lower respiratory 


From the CNfKc*xifC* Cn**a Do*«ooment Suoy Dcc*n merx of 
tordttna. Chrwctvcn One* School of Meac**. Owctven 
IC CfuiWChuren. New 2 e*l*JV 3 

hece-^oOctober 11 . T98* accepted to pvo<r on Ncve-*oe' 
19 . 1984 

Aoorest coriooonancf #hO reprint reOutVtS to Dr *e'OjSSO~ 


symptoms,’* 11 lower respiratory infection. ,# ' 4, 
and reduced pulmonary function. 11 4# * 4 * The in¬ 
troduction of control factors including measures 
of family social background’ 9 49 and the chil¬ 
drens smoking habits." 11111 •* has not apprecia¬ 
bly altered these correlations. At the same time, 
not all studies of school-aged populations have 
found linkages between parental smoking and 
pulmonary function. 4 ’ 41 

A number of investigators have also examined 
the relationship between parental smoking and 
the onset and frequency of asthma during child¬ 
hood. and the majority of studies 49,9 ~ 14 have 
failed to find any tendency for the cJrfT9ren of par¬ 
ents who smoke to be more prone to asthma 
than those of nonsmokers. An exception to this 
trend, however, was reported by Gortmaker et 
al.. 11 who found a small but statistically signifi¬ 
cant tendency for children whose parents 
smoked to suffer greater rates of asthma. 

Although the general conclusion that may be 
drawn from this literature is that smoking is 
harmful for children, some aspects of the find¬ 
ings suggest that this relationship may not be 
a simple one. In particular, the emerging evi¬ 
dence tends to suggest that the effects of paren¬ 
tal smoking vary with the age of the child (be¬ 
ing most marked during early childhood), the 
source of the parental smoke (with maternal 
smoking having a greater influence than pater¬ 
nal smoking), and the disease that is studied 
(with lower respiratory infection and symptoms 
being more influenced by parental smoking 
habits than childhood asthma). 

lb place these issues th perspective, this pa- 
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per reports the results of a stx-year longitudinal 
study of the relationship between parental 
smoking habits and lower respiratory Illness In 
children In a sample of New Zealand children. 
The aims of the paper are: 1) lb examine the rela¬ 
tionship between rates of lower respiratory in¬ 
fection or symptoms In children, parental smok¬ 
ing habits, and the children's ages and to devise 
a statistical model describing the linkages be¬ 
tween these variables. 2) lb examine the associ¬ 
ation between parental smoking and the onset 
of asthma and the frequency of asthmatic at¬ 
tacks during early childhood. 

Method 

The data were collected during the first eight 
stages of the Christchurch Child Development 
Study. A birth cohort of children bom In the 
Christchurch (New Zealand) urban region in 
mid-1977 was studied at birth. 4 months, and 
annual intervals to the age of 6 years using a 
combination of a home-based interview with the 
mother supplemented by information from 
hospital records general practitioner notes, 
and other documentary sources The general 
methods of data collection and the quality con¬ 
trol of the data have been described In previous 
papers. 4 ' "The following information was used 
in the present analysis 

Medical Consultation for bower Respiratory 
Infection. Information on medical consulta¬ 
tions for bronchitis bronchiolitis and pneumo¬ 
nia was collected for each child for each year of 
life. This Information was gathered from several 
sources including maternal recall, diaries of the 
childrens health that were kept each year by the 
mothers and information from general practi¬ 
tioner records 

Maternal Reports of Lower Respiratory 
Symptoms. Mothers were questioned about 
whether their child had had a "chesty cold” or 
"wheezy chest" at each year of life Irrespective 
of whether a medical consultation had been in¬ 
volved. Separate Items for chesty cold and 
wheeze were used for children up to 2 years of 
age. However, during theflrst year of the study, 
our interviewers reported that many mothers 
had difficulty distinguishing between wheeze 
and general chestiness 7b overcome this possi¬ 
ble ambiguity, from the second year onward we 
used a single item that covered both chesty cold 
and wheeze. The measure used in this analysis 
is based on whether at each year of life, the 
mother reported that her child had suffered from 
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chesty colds or wheeze irrespective of whether 
medical attention was sought for these condi¬ 
tions. 

Asthma During Early Childhood, lb mea¬ 
sure whether a child was prone to asthma and. 
if so the frequency of the asthmatic attacks, four 
measures were developed. 

1—whether the child had ever attended a 
medical practitioner for the treatment of wheeze 
that had been diagnosed as asthma or wheezy 
bronchitis. (Wheezy bronchitis was Included in 
the definition of asthma on the basis of Williams 
and McNicoI's” conclusion that the two condi¬ 
tions are indistinguishable: however, only 8% of 
all diagnoses were for wheezy bronchitis.) 

2. —whether the mother had ever reported that 
her child had suffered an asthmatic attack ir¬ 
respective of whether this attack had been 
treated medically. 

3. —the frequency of medical attendance from 
birth to 6 years for episodes of wheeze that were 
diagnosed as asthma or wheezy bronchitis. 

4 . —the frequency of maternal reports of asth¬ 
matic episodes during the period from birth to 
6 years irrespective of whether medical atten¬ 
dance was sought. 

The first two measures defined the proportion 
of children who, according to medical diagnosis 
or maternal belief, were prone to asthma: the 
second two measures described the frequency 
of asthmatic attack among those children who 
were susceptible to asthma. 

Parental Smoking. At each year, mothers 
were questioned about their daily cigarette in¬ 
take and the intake of the child's father. 

Control Factors 

7b take account of the possibility that any ap¬ 
parent correlations between parental smoking 
and lower respiratory illness could have arisen 
from the effects of common confounding varia¬ 
bles. the following measures were used for the 
purpose of statistical control. 

Perinatal Status. Measures of the childrens 
birthweights and estimated gestational ages 
were obtained from hospital records. 

Ftimlly Composition and Social Back¬ 
ground. As part of the routine data collected 
during the course of the study, information was 
available on maternal ages, family sizes, mater¬ 
nal educational levels, the children's ethnicity, 
and family socioeconomic statuses as measured 
by the Eiley and Irving* 4 scale of socioeconomic 
status for New Zealand. 

Fhmtly Atopy. At the initial Interviews with 
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tftplc 1 —Risks OCT TOO C^i»0TCn of MeOCal Con*u«dt»ons for Bronchitis/Pneumonia and Maternal Reports of Lower Respi¬ 


ratory Symptoms try Age 0* Child and Parental Smoking Haprts (Number of Children m Sample «n Parentheses); 
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1W 
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122 

78 
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(1101) 

(756) 
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the childrens mothers. Information was col¬ 
lected on the presence (both past and present) 
of asthma, allergic rhinitis, and eczema in the 
mother, biological father, and siblings 

Breastfeeding History, From information 
collected from hospital notes and maternal in¬ 
terviews. estimates of the duration of time (if at 
all) the child was breastfed were obtained. 

Pets In the Home. At each year, mothers 
were questioned about the presence of pet cats 
or dogs in the childrens families, and an esti¬ 
mate of the extent of exposure to these animals 
was created for each child by summing the num¬ 
ber of years the pets had been in th* * hilds 
family. 

Fdmlly Life Events. From two years onward, 
mothers were questioned about the ot' :rrence 
of adverse or stressful life events using a 20-nem 
check list based on an abbreviated version of the 
Holmes and Rahc” social readjustmer.- rating 
scale. For each year, an estimate of tfc* extent 
of exposure to stressful life events wa* *reaied 
by summing the number of suer events 
reported. 


Sample Sim 

The initial cohort comprised 1.265 children, 
but as a result of emigration from New Zealand 
and losses to follow up. this cohort was reduced 
in 6 years to 1.115 children. This reduced sam¬ 
ple represented 88% of the origlhal cohort and 
95% of those cohort members still alive and resi¬ 
dent in New Zealand. However, throughout the 
analysis, sample sizes varied with the age of the 
children because complete data on parental 
smoking and respiratory illness for the full six- 
year period were not available for every child. 
(These were children who had left New Zealand, 
and who re-entered the study on their return.) 
The variations in sample size are reflected in ta¬ 
bles 1. 4 . and 5. 

Results 

Medical Consultation for Lower Respiratory 
infection and Maternal Reports of Lower Respt - 
ratory Symptoms . Tkble 1 shows the associa¬ 
tions between parental smoking habits and rates 
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table S— 8-ski per 100 Children Agea 0-2 years Of Bron- 
Chiti$/Pneumoni« and lower Respiratory Symptoms by Ma¬ 
ternal Smoking Adjusted for Family Size. Perinatal Status. 


M*terr*i D#tfy 

C»9*eTte to** 


Lower ftesp*r#TOry 
Symptoms 

Ncxnmokrr 

15 3 

616 

1-10 per Oty 

195 

650 

11 ♦ per Ofty 

9*5 

66? 


of medical consultation for bronchitis and pneu¬ 
monia and maternal reportsoflower respiratory 
symptoms in their child during the period from 
birth to € years. (The data are presented in two- 
year blocks for simplicity, but a parallel analy¬ 
sis of the year-by-year trends in the data pro¬ 
duced similar results.) Insj^ 
suggests .that, parental smokingtjimiwparticu- 

jaWMiaWSg 

EhilcireawnrtuH^^r^g the 
Fyearrfoflife. However, after the children 
reached 2 years of age. there appeared to be lit¬ 
tle or not dissociation between parental smoking 
habits and the rates of lower respiratory illness 
or symptoms. These conclusions were con¬ 
firmed by fitting a series of hierarchical log lin¬ 
ear models* 4 to the data on rates of lower respi¬ 
ratory illness shown In the table. This procedure 
led to the following conclusions; I) During the 
childrens first 2 years of life, maternal smoking 
was associated with significant increases in rates 
of medical consultation for lower respiratory in¬ 
fection (log likelihood ratio x* * 15.90. df * 2. 
P < O.OOl) and maternal reports of lower respi¬ 
ratory symptoms (log likelihood ratio x* * 8 27. 
df * 2. P<0 05). Paternal smoking did not make 
a contribution to the variability in rates of illness 
when considered alone or in combination with 
maternal smoking 2) After the children reached 
2 years of age. there were no significant associa¬ 
tions between parental smoking habits and rates 
of lower respiratory Illness or symptoms. 

The results in table 1 do not take into account 
the possible effects of other social or familiar fac¬ 
tors that may be correlated with maternal smok¬ 
ing habits and childhood lower respiratory-ill¬ 
ness or symptoms. Tb examine this issue, the 
data for the first 2 years were reanalyzed using 
logistic regression methods*' in which maternal 
smoking together with the measures of family 
social background, family composition, infant 
feeding practices, and perinatal history' were 
related to rates of medical consultation for bron¬ 
chitis and pneumonia and rates of maternal 



m 

ratjS*of 
a marginal), 
between 


Smoking vxi 6eso*»tory moess-ferjuM©" *r»a 

reporu of symptoms. Results ofj 
clea rly —-—-s” 8 * ' 

kS| 

tton 

smokin^^bllSSHIfrSlles of 
s. From the fitted 
model, estimates were obtained using the meth¬ 
ods described by Lee" of the association between 
maternal smoking and rates of lower respiratory 
infection and symptoms that were adjusted for 
the effects of the control factors. The adjusted 
rates are shown in table 2 and indicate that the 
introduction of the control factors had a negligi¬ 
ble effect on the general dose/response relation¬ 
ship between maternal smoking habits and rates 
of lower respiratory infection and symptoms in 
children under the age of 2 years. 

Our initial analyses examined the data in a se¬ 
ries of cross-sectional two-year blocks, lb ana¬ 
lyze the dynamic relationships that existed be¬ 
tween maternal smoking and rates of lower 
respiratory illness and symptoms throughout 
the child's first 6 years, the data was used to form 
a 3 x 2 contingency table.* which described the 
associations between maternal smoking during 
the child's first 2 years and rates of lower respi¬ 
ratory infections and symptoms throughout the 
child's first 6 years. This table was fitted using 
log linear modeling methods. A summary of the 
analysis is shown in table 3. which gives values 

table J—Fired log linear Mooei of Maternal Smok.ng Medi¬ 
cal Consultations for lower Resdratory illness ana Maternal 
Reoorts of lower Respiratory Symptoms ( 0-6 Vrs) 
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X: I 



MecKdi 

1 



COrnun#tO«S (2-4 yrs) 
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P< 0 0001 

Symptoms (9-4 yrs) 

E) 1 
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1 
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1 
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1 
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1 

P < 0 0001 
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1 

p< 0X1 
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of the log likelihood ratio chi-square statistics 
for the various effects in the fitted model. The 
results can be readily Interpreted from figure 1. 
which shows the fitted model using the conven¬ 
tions described by Freeman and Jekel." In this 
diagram, variables that were significantly re¬ 
lated are shown linked by solid lines, and the size 
of the association is indicated by the log likeli¬ 
hood ratio chi square value and Its correspond¬ 
ing level of significance. Variables that were not 
significantly related are not linked by lines. The 
following conclusions can be drawn from the fig¬ 



ure. ikMatemal smoklnj 

illness (BC.0.01) and i^ptornTtP < 0.05) dui> 

measuring pmod therewere vcrvstronc as»oci& 

Moris for lowefrespiratorv,Ulnes 

'loSird t' s^mptoriff These as¬ 
sociations arose because if the child had at¬ 
tended a medical practitioner for lower respira¬ 
tory Illness, his or her mother almost Invariably 
re pone d lower respiratory symptoms. 31*“ 
wef&sl gnlflcantassoclatlona tf?<0.001) bei 
rates^ofmedicaf consultation for lower rcspt 
tory Illness across measurement pertod^Thus. 
lower respiratory Infection during the first 2 
years was significantly associated with lower re¬ 
spiratory infection during the period from 2 to 
4 years, which in turn was associated with lower 
respiratory infection during the period from 4 
to 6 years. A similar causal-chain model links 
the measures of maternal reports of lower respi¬ 


ratory symptoms 

As may be seen from Tkble 3. the model 
depicted in figure 1 produced a very satisfactory 
fit to the observed data lx* * 131.73: df * 172. 
P • 0.99). 

Asthma During Early Childhood. Ihble 4 
compares the number of children having at least 
one asthmatic episode (defined both on the basis 
of medical consultation and maternal report) by 
the age of 6 years with parental smoking habits. 
Inspection of the uble shows no dear tendency 
for the proportions of asthmatic children to vary 
with parental smoking habits, and this was con¬ 
firmed by log linear modeling of the results, 
which indicated that there was no significant as¬ 
sociation between being asthmatic and paren¬ 
tal smoking habits. 


(t5urc 1—Fined 109 linear model of maternal smoking. med>- 
cai consultation for lower respirator/ illness, and maternal 
reports of lower respiratory symptoms m children 0-0 years 
of age. 
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tafclc 4 —Risks Per TOO GruJdren Of Having « Least One Asthmatic Ecxsode by the Age of 6 Vears by Parental Smoking Hat>«ts 

(Number of Children m Samo*e m Parentheses) 




Med<a> Conturtaton 



Maters Rcdckt 



0 

****** S«Da** ic^d*v> 
1-10 «♦ 

lot* 

0 

T-10 n* 

*«« 

toerr* smoking 

0 

T9 6 

90 

68 

11 4 

m 

105 

81 

195 


(460) 

(67) 

(74) 

<601) 

(460) 

(67) 

(74) 

(601) 

1-10 

151 

17 9 

16 9 

16 3 

151 

179 

16 9 

16 3 


(86) 

(64) 

(65) 

(915) 

(86) 

(64) 

(65) 

(915) 

114 

179 

19 3 

91 

134 

179 

140 

10 6 

14 4 


(93) 

(57) 

(66) 

(916) 

(93) 

(57) 

(66) 

(916) 

Total 

136 

198 

10 7 

13 0 

14 9 

138 

11 7 

13 7 


<639) 

(188) 

(905) 

(V03?) 

(639) 

088) 

(90S) 

0.039) 


However, the results in uble 4 do i 

*n?°png may not influence thplfflds l>redl»po- 
jliUoiitoa4Atoaj.lt meulfilluertcj^^frequertcy 
of asthma tleattacks among those susceptible to 
astffms. This issue is examined in uble 5. which 
shows the frequency of asthmatic atucks per 
100 children (measured both on the basis of 
maternal report and frequency of medical con* 
sulution) related to parental smoking habits. 
While there was subsuntial variability in the 
rates erf asthmatic atucks depending on the 
combinations of parental smoking, there was no 
clear trend in the results that would suggest in¬ 
creased parental smoking was associated with 
increases In the rate of asthmatic atucks. This 
impression was confirmed by log linear model¬ 
ing of the dau in Uble 5. which showed there 
were no significant assocUtlons between paren- 
ul smoking and the frequency of asthmatic 
attacks. 

lb examine the possible effects of various con¬ 
founding factors on the associations between pa¬ 
rental smoking and the occurrence of asthma 
in children and the rates of asthmatic atucks. 
the dau were further analyzed using regression 
methods in which a number of control factors, 
including gender, family history of asthma, early 
eczema, early respiratory Infection, breastfeed¬ 
ing history, peu in the family, family life events, 
and family social background were introduced 
as (actors in stepwise analyses. The analysis of 
the risk dau in uble 4 was conducted using mul¬ 
tiple logistic regression, whereas the frequency 
of atuck data (uble 5) were analyzed using mul¬ 
tiple linear regression methods based on the 
square root of the number of episodes of asthma 
occurring during the period from 0-6 years. AH 
analyses indicated that there were no significant 
relationships between parenul smoking habits 
and risks of childhood asthma or rates of asth¬ 
matic atucks even when the set of control fac¬ 
tors was taken into account sutistlcally. 



Discussion 

The findings of this six-year longitudinal 
study indicate that the effects of parenul smok¬ 
ing on childhood respiratory illness depended 
on the child's age. the source of parenul smoke, 
and the outcome studied., 
dence of a. relationshli 

. r . 

amor 


However, after this time, maternal smoking did 
not make a significant contribution to the rates 
of medical consulUtlon or reports of lower respi¬ 
ratory symptoms. Paternal smoking was not 
related to lower respiratory illness at any time, 
and neither paternal nor maternal smoking was 
related to the risk of asthma or the frequency of 
asthmatic atucks during the child's first 6 years. 

The finding of an association between tower 
respiratory illness or symptoms and parenul 
smoking during the first two years of life con¬ 
firms the findings of a number of previous 
studies."' ** ''and. as remarked earlier, the corre¬ 
lation appears to be resilient to the effects of 
sutistical and other controls Collectively, the 
available evidence strongly suggests that mater¬ 
nal smoking increases rates of lower respiratory 
Illness and symptoms in children up to the age 
of 2 years. However, the mechanisms Involved 
are as yet unclear. Colley et a!.’ proposed a 
genetic explanation in which parenul smoking 
is related to a genetic disposition to lower respi¬ 
ratory illness, which is reflected In higher rates 
of morbidity among the offspring of smokers. 
However, this explanation seems highly unlikely 
given that, according to most studies, maternal 
smoking is more important in this regard than 
is paternal smoking, which would suggest a 
mode of inheriunce in which a predisposition 
to lower respiratory illness is sex linked to the 
child's mother! Fergusson et al.* have suggested 
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table 5—«att Per 100 CrvWren Aged 0-6 years of Astnmatc Attacks by Parental Smoking (Number of Ch.ioren m Samoie 

m Parentheses) 

Meoctii Consultation Maternal teoon 
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(916) 
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13S8 
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149 4 
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(639) 

088) 

(W5) 

(1.039) 
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088) 

(905) 
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a hypothesis in which prolonged exposure to cig¬ 
arette smoke has an irritant effect that exacer¬ 
bates the respiratory infections that normally 
occur during early childhood, making it more 
likely that lower respiratory symptoms will 
develop. 

However, whereas previous studies**** have 
reported associations between lower respiratory 
symptoms, lower respiratory illness or impaired 
pulmonary function, and parental smoking for 
school-aged children, we were unable to find any 
association between parental smoking and re¬ 
spiratory illness or symptoms during the period 
from 2-6 years. It seems possible that this may 
reflect the age of the children studied. In par¬ 
ticular. it seems likely that prolonged exposure 
to parental smoke may have an accumulative ef¬ 
fect'* on pulmonary function and susceptibility 
to lower respiratory illness, and it is possible that 
our sam pie of children was too young for any in¬ 
crease in rates of morbidity or symptoms to be 
detected. In contrast, the previous studies that 
have demonstrated associations In school-aged 
children have examined older populations or 
populations with a wider age range than our 
sample. 

It has been suggested that the association be¬ 
tween parental smoking and lower respiratory 
symptoms and illness in school-aged children 
may reflect the Indirect consequences of early 
exposure to cigarette smoke. Tiger et ml. ** argue 
that such early exposure coupled with increased 
risks of early lower respiratory illness may cause 
structural changes that are reflected in in¬ 
creased rates of lower respiratory symptoms and 
reduced pulmonary function during later child¬ 
hood. The results of the longitudinal log linear 
analysis presented in this paper cast some light 
on the plausibility of this hypothesis In partic¬ 
ular. the model suggested that maternal smok¬ 
ing was associated with an increased risk of 
lower respiratory illness and symptoms during 
the child's first 2 years and that early respira¬ 


tory illness or symptoms during the first 2 years 
are associated with subsequent illness or symp¬ 
toms At first sight these results would appear 
to support the hypothesis that early exposure to 
parental smoke leads to later respiratory illness. 
However, this view does not take into account the 
statistical "slippage'' that occurs within this sys¬ 
tem of relationships Thus while maternal 
smoking does influence early respiratory Illness 
and early respiratory illness is related to later re¬ 
spiratory illness maternal smoking made a 
negligible direct or indirect contribution to later 
respiratory illness for our cohort. This suggests 
that the tendency for rates of lower respiratory 
illness or symptoms to be correlated over time 
cannot be attributed to the common effects of 
maternal smoking on respiratory function. 

A more plausible explanation of the existing 
data would appear to be that there are two mech¬ 
anisms involved In the correlations between pa¬ 
rental smoking and lower respiratory illness and 
symptoms in children. First, during early child¬ 
hood there is a short-term effect by which ex¬ 
posure to cigarette smoke has the effect of in¬ 
creasing the likelihood of early respiratory 
illness. This effect is relatively short lived and 
disappears at around the age of 2 years However, 
in the light of the findings of Tiger et al.'* there 
is also evidence to suggest that prolonged ex¬ 
posure to parental smoking may have the effect 
of gradually compromising the lower respiratory 
system of children so that around the middle- 
school years, children become at greater risk of 
lower respiratory illness and reduced pulmonary 
function. 

In confirmation of three previous studies. * '* *' 
we were unable to show any correlation between 
parental smoking and either*the onset or fre¬ 
quency of asthmatic attacks during early child¬ 
hood. These results suggest that, while paren¬ 
tal smoking may predispose children to develop 
lower respiratory illness and symptoms, it is not 
implicated in the development of asthma or the 
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frequency of asthmatic attacks in young chil¬ 
dren. At the same time, Gortmaker et al." were 
able to show a small but nonetheless significant 
association between parental smoking habits 
and asthma in a cross-sectional sample of chil¬ 
dren aged from 0-17 years. It seems possible 
that these differences may reflect age differences 
between samples. If, as was conjectured previ¬ 
ously. prolonged exposure to cigarette smoke 
has a subtle, long-term effect on respiratory 
function, it is possible that an association be¬ 
tween parental smoking and childhood asthma 
exists only in older children who have experi¬ 
enced sufficient exposure to parental smoke to 
increase their susceptibiity to asthmatic attacks. 
It should also be noted that the apparent corre¬ 
lation between parental smoking and asthma 
reported by Gortmaker et al." could be a dis¬ 
guised correlation between asthma and smok¬ 
ing in the child.* * as this factor was not con¬ 
trolled for in their analyses. 

Finally, while the results of this study support 
the general conclusion that parental smoking 
may be harmful to children, the resul ts suggest 
the possibility of complex relationships between 
the child's age. duration of exposure to smoke, 
and various measures of respiratory Illness and 
function. Such relationships can only be clari¬ 
fied by further longitudinal studies that exam¬ 
ine the way in which varying exposure times to 
parental smoking have dynamic effects on both 
the susceptibility to lower respiratory illness and 
pulmonary function throughout childhood. 

Thu research was funded by ranis from the Medical Besearch 
Counoi of New Zealand and the Natonat CMdren s Mean* Besearcn 
foundation 
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I.P. "Involuntary Smoking and Incidence of Respiratory Illness 
During the First Year of Life" Pediatrics 75(3): 594-597, 1985. 

ABSTRACT: A prospective study of 1,144 infants and their 
families was performed. Smoking and family histories were evaluated 
with respect to the incidence of lower respiratory disease during 
the first year of life. It was found that (1) tracheitis and 
bronchitis occurred significantly more frequently in infants exposed 
to cigarette smoke in the home, (2) maternal smoking imposed greater 
risks upon the infant than paternal smoking, (3) occurrence of 
neither tracheitis nor bronchitis showed a consistent relationship 
to the number of cigarettes smoked, (4) a family history that was 
positive for respiratory illness (chronic cough or bronchitis) 
significantly influenced the incidence of bronchitis, (5) too few 
cases of laryngitis and pneumonia were seen to warrant any opinions 
regarding the adverse influence of either smoking or a family 
history that was positive for respiratory illness, and (6): 
occurrence of bronchiolitis was not affected by the presence of a 
smoker nor influenced by a family history that was positive for 
respiratory illness. It is concluded that passive smoking is 
dangerous to the health of infants and that infants born to families 
with a history that is positive for respiratory illness (chronic 
cough or bronchitis) are at risk of developing bronchitis. 
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Involuntary Smoking and Incidence of 
Respiratory Illness During the First Year of Life 


Frank A. Psdratra, MO, Vlncwrt L Guanddo, MD, Edward J. Faroli, 
MD, Gordon W. MaHa, MO, and Ira P. Waits, PhO 

the techni ca l assistance of Sum n Monro, AN, r d Hsian Ps fay e tts 

firom the Department of Pediatrics, Gsorpe WtNhgton UifcenAy Scftoof of Medfcrie 
and CAWren’s W" W batons' Modk*} Cantor, Washington, DC 


ABSTRACT, A pcwpctm study of 1444 fcafsnts and 
their families was performed. Smoking and family histo- 
evaluated with respect to the incidence of low 


rise were 

respiratory di t e aa e during the firet year of Ufa. h was 
letmd that (1) trarWhis and bronchitis eccuned slgnlfl- 
baptly Morr f req uen tly fe fafsnts wporf t Mhwdi 
mck*U the bome/Wmstsmal^ taokixdBnpbeed 
fraater risks upon the infant than paternal smoking, (3) 
occurrence of neither tracheitis nor bronchi Lie showed a 
consistent relationship to the number of cigarettes 
smoked, (4) a family history that was positive for respi¬ 
ratory Illness (ckroaic cough or bronchitis) r vufieantly 
influenced the incid en ce of bronchitis, ($) tov few cases 
of lsryacitis and pneumonia ware seen to warrant any 
opizuons regarding the advene influence of either slack¬ 
ing or a family history that was positive for respiratory 
illness, and (6) occurrence of bronchiolitis was not af¬ 
fected by the pr es ence of a smoker nor influenced by a 
family history that was positive for respiratory illness It 
Js concluded that passive smoking is dangerous to the 
hs ah hof infants and thst infanta bom to famffieoerjth a 
hfiaocy that is posittat Jpr rospbatocy tUnets (chronic 
Jam or bronchitis) a» at risk of devefopfeg broochfefe. 
Pediatrics 1965;76:594-697; respiratory disease, smoking, 
infants, tracheitis, bronchitis. 


On Jan 11,1964, the Surgeon General’s Advisory 
Committee on Smoking and Health concluded: 
“Cigarette smoking is a health hazard of sufficient 
importance in the United States to warrant appro¬ 
priate remedial action.* 1 Since that time, abundant 
evidence has been collected demonstrating the ad¬ 
eem affect on the health of nonemokera exposed 


JUcrhwd for publication April JO, 1964; accepted Aug 14,1964. 
Reprint iwpawte to (TJU>.) 1*251 Mootgoowry Villas* Ava. 
Geithrr.burs.MD 30879. 

PEDIATRICS (ISSN 0031 40061. Copyright © 1965 by the 
American Academy of Pediatric*. 


to dgarette smoke.*"* More recently, there has been 
considerable interest in the health of children in 
hmiHea with chronic smokers.*" 4 The deleterious 
effects of maternal smoking on the fetus ezvd new¬ 
born baby have beejn demonstrated 1 * Moreover, 
several studies 1 ut have shown that exposure to 
cigarttte smoke during the first year of life signifi¬ 
cantly increases an infant's risk Jf developing pneu¬ 
monia or bronchitis.? 1 * Additionally, some studies* 
have suggested that passively inhaled cigarette 
smoke can lead to (he development of recurrent 
respiratory syndromes such as chronic infections, 
bronchopulmonary disease, end cough. 

The adverse influence of family factors on the 
incidence of lower respiratory illness during tbs 
first year of lift has been well documented 1 * Evi¬ 
dence suggests that genetic factors often are sig¬ 
nificant in the development of asthma and/or bron¬ 
chitis with wheezing (wheezy bronchitis). The ef¬ 
fect of parental smoking superimposed on this type 
of genetic predisposition needs further clarification. 

This study was designed to evaluate prospectively 
the effects of parental smoking and parental and 
sibling respiratory symptoms, including chronir 
cough, asthma, and bronchitis, on the incidence of 
lower respiratory illness during the first year of life. 

METHOD 

This study was conducted from 1976 through 
1981 among patients in the pediatric practice of the 
first four authors. All 'swboms seen by our group 
pediatric practice for their first well baby exami¬ 
nation (age 2 weeks to 1 month) were enrolled in 
this study. The office is located in a suburb approx- 
imsuly 30 miles from Washington, DC- Nearly all 
of the households represented live in a fairly ho¬ 
mogeneous suburb with the following demographic 
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characteristics: (1) population by race: white, 89%; 
black, 5%; Oriental, 5%; other, 1%; (2) population 
by age: children aged 17 year* or 1 cm , 27 %; adult* 
aged 18 to 64 year*, 66%; adult* aged 65 yean or 
more, 5%; (3) total population of 66,424 (all within 
urbanized areas); (4) population by mx: females, 
63%; males, 47%; (5) population aged 1 year or less, 
2%; (6) median income of $34,700 per household. 
In our group private practice, there are 7,000 fam¬ 
ilies enrolled with 11,500 childrtn represented. The 
demographic characteristics of our practice popu¬ 
lation match those of the suburb described. Seventy 
families (1% of patient population) receiving Med¬ 
icaid are enrolled in our practice. 

On admission to the study, each patient had a 
stamp affixed to his chart to record a detailed family 
respiratory history (chronic cough, chronic bron¬ 
chitis, asthma, other lower respiratory tract symp¬ 
toms) and smoking history (father, mother, and 
others in household). All occurrences of lower res¬ 
piratory tract infection (laryngitis, epiglottitis, b- 
ryngotracbeobronciiitis (croup], tracheitis, bron¬ 
chitis, bronchiolitis, and pneumonia) for which 
there was an office visit during the infant's first 
year of life were recorded No attempt was made to 
study the possible effect of other neonatal problems 
(hyaline membrane disease, meconium aspiration, 
infections) on the development of lower respiratory 
tract die*set. 

For the purposes of our study, lower respiratory 
tract infections were defined clinically (according 
to Moffat 1 *) as follows (1) laryngitis was recognized 
by hoarseness arid laryngotracheobronchitis 
(croup) was characterized by brassy cough and in¬ 
spiratory crowing; (2) epiglottitis was defined by 
the visualization of a nd and edematous epiglottis 
associated with the pooling of oropharyngeal sec¬ 
tions and hoarseness; (3) tracheitis was character¬ 
ized by brassy cough (without hoarseness) and 
coarse breath aounds (but without rales, rbonchi, 
or wheezing); (4) bronchitis was defined by the 
association of cough with coarse rbonchi that dear 
with coughing (with or without wheezing) but with¬ 
out audible raise (for the purpoees of this study 
rbonchi are defined as coarse, moist popping 


sounds, usually occurring on inspiration; rales are 
fine popping sounds characteristically occurring at 
the end of inspiration); (5) bronchiolitis was char¬ 
acterized by tachypnea, poor air exchange, low dia¬ 
phragms, clinical evidence of expiratory difficulty, 
and coarse inspiratory or expiratory breath sounds 
throughout the chest (this condition only was rec¬ 
ognized ir children 2 years of age or leas); and (6) 
pneumonia was diagnosed on the basis of fine end- 
inspiratory rales (frequently associated with fever 
and cough) with or without roentgenographic con¬ 
firmation. j 

Childrtn lost to follow-up during their first year 
were excluded from the study. The data were ana¬ 
lyzed with the assistance of the Research Division 
of the Children’s Hospital National Medical Center 
in Washington, DC. The occurrence of each respi¬ 
ratory disease in the study population was tabulated 
and expressed as incidence (number of occurrences 
is first ytar of life per 1,000 infanta)* 


RESULTS | 

A total of lj420 infants and their families quali¬ 
fied for the study. During the course of the inves¬ 
tigation, 276 patients (24%) were lost to follow-dp; 
1,144 patients completed the entire year of aurveO- 
lance and represent the study population. Of those, 
731 (64%) were from "nonsmoking* families; 413 
(36%) were from families with at Uaat one smoker. 
Both father and mother smoked in 127 households 
(11%). The study population breakdown by smok¬ 
ing habit U shown in Table L No more than one 
infant per family was enrolled in the study. Corre¬ 
lation coefficients were calculated to estimate the 
strength of the relationship between family smok¬ 
ing and respiratory disease. 

Tracheitis was 69% more frequent among Infanta 
exposed to hous e hold cookers (Pearson’* correla¬ 
tion coefficient for tncbeitk * smoking^ r » M, P 
— S&h bronchitis was 44% mors freq u ent la hous e- 
bolds with smokers than la nonsmoking house¬ 
holds. (Pearson *s correlation tot boo- 

chitis v smoking: r ■ M, P ■ X2). 


Alnesses other than tracheitis and bronchitis 



TABLE 1. Breakdown of Study Population Hou*abold» by Smoking Habit* 


Smekm 

_ No 


Ctc*r*cu 


Gisu 

Pk* 

Teub 



Y«t 

1-10/d 

11-30/d 

>ao/d 


Hwokuig 


Mother 

*27(51%) 

•e (8%) 

12(1%) 

*7(9%) 

ii »*) 

... 

• • »i 

217(19%) 

Father 

Totala* 

*21 (72%) 

731 (54%) 

no no*) 

ISO*) 

lie ( 10 %) 

4M4*) 

i3 :i%) 

26(2%) 

323 (28%) 

413(36%) 


* Vahiaa art Dumber of bcuaabolds; value* in parentb e *** indicate percent of total bouathoUk. 
t Ym indicate* smoker, but unknown amount. 

x Totals represent tot*! number of houaeholda and percent of household*. 
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TABLE 2. Incidence of Respiratory Disease by Family Smoking History* 


Tyj*of 

Family 

Bronchitis 

Tmebsitia 

<••33) 

Uonpt* 

<• - •) 

Owe 
(a » 40) 

Pneumonia 

Ib-7) 

Bronchiolitis 

U - 42) 

Nonsmoktrs 

71.3 

21.0 

4J 

35.0 

7X> 

375 

Smoktrs 

102.6 

39.6 

7.0 

35.0 

4.7 

3X0 

Totals 

B3.0 

2S.0 

&J2 

35.0 

XI 

3X7 


* Incid e nce it reported u occurrence* per 1,000 Infect*. 


either were rmre (laryngitis end pneumonic) or were 
not effected by the pretence oft smoker (bronchiol¬ 
itis). Epiglottitis wu not diagnosed in the study 
population. None of the children studied had recur¬ 
rent bouts of lower respiratory tract disease. The 
incidence of respiratory disease by smoking history 
is shown in Table 2. || 

^Bronchitis occurred 44% non frequently in 
households in which th e mother smoked (111) than 
In households in whK&hriTTOhtt'did not (77; x* 
fr iwv dfrn 8 > P ^utbai occumd onte 10% 
in U^frthtr 

jssfiB|fep «pl 

NSfinbouseholds in which the father amokfcd 
Approximately 40% of the parents who smoked 
failed to disclose the amount they smoked Conse¬ 
quently, analysis of the effect of "smoke dose" on 
respiratory illness was restricted to the 121 families 
in whom amount of maternal smoking was docu¬ 
mented Of the 217 mothers in the study population 
who smoked 12 (5.5%) reported smoking more than 
one pack per day; 96 mothers (44.2%) admitted to 
Booking without specifying the amount Occur¬ 


rence of neither tracheitis nor bronchitis showed a 
consistent relationship to the number of cigarettes 
smoked Analyses baaed on smoking of the mother 
or father all showed nonmonotonic relationships 
between number of cigarettes smoked and incidence 
of respiratory disease. For example, i n ci de n ce of 
bronchitis among families in which the mother 
reported smoking more than one pack per day was 
actually somewhat lower than the incidence for 
mothers who smoked leas than one pack per day. 
We noted no relationship between exposure to cig¬ 


arette smoke and age of disease onset. 

The relationship of family history of respiratory 
illness (chronic cough and bronchitis) also was 
found to influence the incidence cf bronchitis in 


the children studied A family history that was 
positive for respiratory disease was associated with 
twice the incidence of infant respiratory illness. 


Although a^bsitive trend 



were not sutisti- 


TABLE X Incidence of Respiratory Illness as Function 
of Family History* __ 



Tncbmtk 

No Ym 
ium 132) 

Bnmcki'm 

No Ym 
ax*»'; IK) 

Family history ©fc 

Chronic cough 

20 

30 

90t 

160 

(a • 30) 

Chronk bronchitis 

30 

40 

aot 

160 

(a* 106) 

Asthma (a - 236) 

30 

40 

90 

90 

Other respiratory jlln*** 

30 

0 

90 

180 

(a-15) 






* Incidence rounded to nearest 5 sad expressed as occur¬ 
rence* par 1,000 infanta. Absolut* number of occurrence* 
Is shown in parenthsssa. 
t Significance by P » J)L 

catty aignificaffiL A family history of asthma had no 
documented effect on the incidence of bronchitis or 
tracheitis in the study population. The incidence of 
respiratory illness as a function of family history is 
shown in Table X The numbers of children who 
had both family history of respiratory disease and 
parents who smoLsd were too low for statistical 
analysis of their interaction on occurrence of res¬ 
piratory disease. ' 

DISCUSSION 

Morbidity and mortality statistics reveal an in¬ 
creasing incidence of pneumonia and bronchitis in 
infants lest than 1 year of age. Although mortality 
from these conditions has decreased significantly 
in the past 30 years in most age groups, infants 
continue to suffer and die in disproportion to the 
rest of the pediatric population. 14 Several stud- 
have documented the relationship between 
parental smoking and respiratory illness in infants. 
Leader et al, 11 studying a population of 2,122 chil¬ 
dren, in Harrow, England, reported a significant 
increase in lower respiratory tract inf actions in 
infants exposed to cigarette smoke. Colley et ft! 11 
found that exposure to cigarette smoke in the first 
year of life doubled the risk of acquiring pneumonia 
or bronchitis. Also, there is ample evidence that 
Uter problems may occur. Leeder and colleagues 14 
demonstrated that ventilatory function was im¬ 
paired at age 5 years in children who had had 
pneumonia or bronchitis during their first year of 
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lift, Duuu and Corberand* reported that apert from 
any infectious disease that can be passed to the 
infant by parents who smoke, passively inhaled 
cigarette smoke can lead to the development of 
chronic respiratory syndromes. Children in such 
families may become the future patients with 
chronic bronchitis. 


Our study has demonstrated the advene effect pU 
passive inhalation of cigarette smoke during t hi 
first year of life. Although our date confirm the 
findings of others* previous reports have quantified 
lower respiratory infection* from records of hospital 
admissions and/or parental qutstionntries. These 
reports are based on selected populations with all 
the inherent biases of retrospective studies. In our 
study* the Urge number of patient* enrolled* the 
prospective nature of the surveillance* and the in* 
office diagnosis by four trained physicians minimize 


such bias'*. 

The effect of maternal smoking is striking and 
perhaps best explained by the fact that the mother* 
more often than the father, remained at home with 
the child. The incidence of ‘other* smokers in the 
household was infrequent md often included grand* 
parents who lived with the family. The small num¬ 
ber of other smokers in our study does not allow 
accurate statistical interpretation. 


problems in their children i 
4km of exposure to cigarette amok 

fbctor la infant related respiratory i^ImThow- 
ever, we failed to demonstrate k statistically sig¬ 
nificant reUtionthip between U>e incidence of 
tracheitis and bronchitis and thi number of ciga¬ 


rettes smoked- This failure may be the result ofUy 
fc**©umber ptjmvy smoker* fafling to spsSly 
the amouni smowkL A suipriaingly small number 
of mothers reported smoking more than one pack 
per day. 

Leader et al u have reported that a family history 
that is positive for chronic cough* asthma* and 
*wb#ezy bronchitis* placed infanta at risk for the 
development of lower respiratory tract infections. 
Several studies 1 * 4 * have shown that genetic factors 
associated with bronchitis and pneumonia in the 
# first year of life may result in predisposition to 
wheezing in later childhood. Although much evi¬ 
dence suggests that genetic factor# often are sig¬ 
nificant in the development of asthma and chronic 


bronchitis* damage to the airways caused by bron¬ 
chitis and pneumonia in early childhood also may 
make children more susceptible to wbeeqoent 
wheezing and/or chronic cough. 1 ’ We have dem¬ 
onstrated s relationship between a family history 
that is positive for lower respiratory tract illness 
and the occurrence of bronchial in infancy. A fam¬ 
ily history of both chronic cough and chronic bron¬ 
chitis was positively correlated with an increased 
incidence of bronchitis in the infants studied. We 
were unable to distinguish between environmental 
and genetic factors influencing this association. 
Crom the results ofgursUx^ baaiaof 

ibe literature dte^re concfo&thefpassive tmok- 
4ng is dangerous to the health of infanta. 
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Tominaga, S., Itoh, K. "Relationship between Parental Smoking and 
Respiratory Diseases of Three Year Old Children" Tokai J Exp Clin 
Med. 10(4): 395-399, 1985. 

SUMMARY: In order to study the effect of the indoor pollution, 
particularly by parental smoking, on respiratory diseases of 
children, the relationship was examined between smoking by family 
members, use of various types of stoves and air conditioners, and 
the prevalence rate of respiratory disease in 7,916 three year old 
children who, for health check up, visited the Chita Public Health 
Center located in the Aichi Prefecture in 1976-1979. 

Results of this study suggested that among various sources 
of indoor pollution, smoking by mother has the strongest effect on 
respiratory diseases, especially asthmatic bronchitis of young 
children, while the use of various types of stoves including non- 
ventilated keroshine [sic] stoves was not related significantly to 
the prevalence rate of respiratory diseases of those children except 
an increased rate of frequent common cold in children of households 
having an air conditioner(s). 
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Relationship between Parental Smoking and Respiratory 
Diseases of Three Year Old Children 

Sukeumi TOMINAGA ind Keiko ITOH* 

r Dnaaim 0 / Epidemiology, Aicht Cancer Center JUearck InstiKAi 
•Deportment of Public Halt A, Aicki Prefecture 


la arfer m nnij tbt affect af the iuleer p*U« do*. pankmlariy by parental Mtkiag, cm vespinesry 
iiotmm af cfeilrfna, the reiabotuhip was maiaid b t o>ai m ofclag by fawdly wmtbtn, urn ot mi—e 
types W ami sad air conditioners, and the prrraiencs nu W moratory dhra —1 ia 7J14 tbr*e 
yea* aid children who, far health check up, ribted the Chin Public Health Ctaicr located ia the 
'^chi Prefecture ia 

Mb of this study wa gg o n a d that a—guarl— s ourcae of tbg jadaer ps P i ris s» w il ln by 
■ a tb erkad iba —eag— effect ow tw f iftsws 7 : 1 ll sii iiiitej rTjiiM 

childm^whUf the UM of rarioaf types ot stores ladudlug uoa m iUM ^^l i i^a i y i ^CiW 
nimt dgnttfiaatly tuifct prrraleaetruss of tm fi n ta r y dl s ra s w of thoaa chUdreu emeopt arf krr iaas d 
rase of fr~yfiT'rr~T t t rrtf lb chUdroa of ho us eh ol ds basing au air toadldsanrfs), 

(Key Wordai pawdva s moki n g, respiratory diacasaa. children, gpddomiolofy* iadoor poilubou) 


INTRODUCTION 

Since Cameron reported a possible effect of 
parental smoking on respiratory diseases of 
children in 1969(2), a number of reports of 
epidemiological studies on the relationship bet¬ 
ween parental smoking and respiratory diseases 
have been reported (1,3-11). In Japan Kaluga 
tt al reported the results which suggested a 
synergistic effect of parental smoking and air 
pollution especially by exhaust gas of 
automobiles on the prevalence rate of 
respiratory symptomi in school children(6). 
Mauuki tt al reported the results on the effect 
of passive smoking on the increased concentra¬ 
tion of hydroxproline in the urine which could 
be an indication of increased destruction of col¬ 
lagen tissue in the !ung(8). We also studied the 
relationship between parental smoking and 
other sources of indoor pollutions and the 
prevalence of respiratory diseases of 3 year old 
children who viited a public health center for 


health check up. The major results of this study 
are presented in this report, 

MATERIALS AND METHODS 

The study subjects are 7,916 three year old 
children who, for health check up visited the 
Chita Public Health Center located in Atchi 
Prefecture, in 1978-1979. This public health 
center serves three cities of Tokai, Chita and 
Tokonarae with a total population of 215,802 
in 1981 (Fig. 1). The total number of three year 
old children in the three cities in 1978-1979 was 
8,060. The number of three year old children 
who visited the well being clinic at the Chita 
Public Health Center was 7,916 (98.2% of all 
three year old children). A standard question¬ 
naire on the complaints of various symptoms 
has been routinely administered to all mothers 
and other guardians who accompanied children. 
Questions on smoking of family members and 
the use of various types of stoves and air eond- 
tioners were added to that standard question! 
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in the study period of 1978-1979. The number 
of questionnaires available for amvlyies was 
7.885. 

Children with a possible respiratory disease 
were screened by the questionnaire and a physi¬ 
cian at the public health center who makes a 
general health check up of alt children. Those 
screened children with a possibility of some 
respiratory diseases are referred to the special 
clinic for respiratory diseases where a pediatri¬ 
cian who specialises respiratory diseases makes 
further examinations and gives a final diagnosis 
of respiratory diseases without knowing the in¬ 
formation on the smoking status of family 
members and other sources of indor pollution. 
The number of children who were screened for 
further respiratory examination was 461 (5.8% 
of all children who visited the public health 
center). Of those 462 children 431 children 
(93.3 %) received further respiratory examina¬ 
tions at the special clinic. Their final diagnoses 
were bronchial asthma in 86 children (1.1%), 
asthmatic bronchitis* in 228 rhildren (2.9%) 
and other respiratory diseases in 117 children 
(1.5%). 

The prevalence rates of bronchial asthma 
and asthmatic bronchitis as well as frequent 
common cold (more than 5-6 rimes of catching 
a cold per year) which appears on the standard 
questionnaire were related to the smoking status 
of family members and the use of various types 
of stoves and air conditioners. The statistical 
significance was tested by using a chi-square test 
with a continuity correction. 

RESULTS 

The percentage of smokers in family 
members was 74.4% for fathers and 6.1% for 
mothers. The percentage of households having 
various types of stoves and room air conditioner 
was as follows: 78.4% for non-ventilited 
kerosine stove. 24.1% for electric stove. 10.2% 
for ventilated dean air type heater. 7.5% for 
gas stove and 52.2% for room air conditioner. 

The prevalence rates of bronchial asthma, 
asthmatic bronchitis and frequent common 
cold in three year old children were compared 
according to the smoking status of the family 
members (Fig. 2). 

The prevalence rate of bronchial asthma was 


lower in children with anoking father or mother 
compared to that in children with no smoking 
members in the family. The difference was no* 
statist ic»Uyrignificam v and^3i^wnatehUy 



father and/or mother. The prevalence rate of 
asthmatic bronchitis in children with a smok¬ 
ing mother was significantly higher than that 
in children with no smoking family members 
(4.9% vs. 2.3%. p<0.01). The prevalence rate 
of frequent common cold was slightly higher in 
children with smoking father and/or mother, 
but the difference was not significant ttatutical- 
ly. The prevalence rates of asthmatic bronchitis 
and frequent common cold hi dure year 
children were compared according to the use 
and non-use of various types of stoves and room 
air conditioners, but no significant differences 
were observed between families having and not 
having various types of stoves except the 
prevalence rate of frequent common cold was 
significantly higher in children of households 
having a room air conditioners) (Fig. 5). 
However, this excess rate of frequent common 
cold could be the results of lower room 
temperature rather than the excess indoor 
pollution caused by the use of air conditioner. 

The prevalence rates of asthmatic bronchitis 
and frequent common cold in three year old 
children were further compared according to 
the smoking status of the family members and 
the use and non-use of various types of stoves 
and air conditioner. The effect of smoktnLby 
the family members seemed larger than thjref- 
fettofmdo^rpollution by jjring various types 
of stoves end air condirionm, but all the dif¬ 
ference* were not significant statistically. 

Finally, the prevalence rates of asthmatic 
bronchitis and frequent common cold were 
compared according to the smoking status of 
father and mother and the presence or abaroce 
of cough and sputum in family members (Fig. 
4). The prevalence rate of asthmatic bronchitis 
in children wiih^v smoking mothei^aad^t&e 
presence of family mem ben with criuglfSoki 
sputum was unusually high which was sgmfi. 


foot note: *ihe so-called "asthmatic bronchitis" is usually a recurrent bronchitis with moist km pitch whetxe. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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cam tudstkaBy compared to that in children 
with either one of molting mother or fraily 
^feembe n with cough and sputuflKThere was 
a trend that the prevalence rate of frequent 
common cold was higher-in children with fami* 
ly members with cough and sputum which 
couid be an indication of infection from family 
members to children. 

DISCUSSION 

In this study three year old children were 
selected for the target subjects of passive smok¬ 
ing because those younger children were con¬ 
sidered more sensitive to indoor pollution than 
oldeT children and adults. Froro thilttudy k wgp 

SiSli&i bymbc^ 


Vf aMmatS^bronchiftf of young children. In 
Japan the use of non-ventilated kerosine stove 
is regarded as a major source of the indoor air 
pollution at hon^/but i ^ ^cct of the u*£#f 
kerptin stem on,, 

:M|Sralso be'an indication of results'of smok¬ 
ing. The use of air conditioner was related 
positively to the rate of frequent common cold 
which could be an indication of maladaptation 
to low temperature in the room or change in 


temperature between indoor air and outdoor 
air. 
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ABSTRACT: This paper describes a study of respiratory 
illness during the first year of life in a cohort of infants who 
were born between 1975 and 1978 to mothers who were registered 
with two inner London group general practices. The types of 
respiratory illness and their relation to the season of the year 
and season of birth of the child are examined. The relations among 
the frequency and type of respiratory illness and several social 
and family factors that have previously been shown to be associated 
with high levels of respiratory morbidity are also described. 
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Conditions and Pulmonary Function in Tecumseh, Michigan" Am Rev 
Respir Pis 133: 966-973, 1986. 

ABSTRACT. The relationship of passive smoking to respiratory 
conditions and pulmonary function was assessed using a cross- 
sectional design in the defined population of Tecumseh, Michigan. 
The study population was made up of 3,482 children who were 0 to 
19 yr of age at the 1962-1965 examination and for whom questionnaire 
information was available for both parents. Nearly 62% of children 
in this age group were exposed at the time of examination to at 
least 1 parent who smoked. Passive exposure to cigarette smoke 
was associated with an elevated prevalence of phlegm, wheeze, 
asthma, and chest colds among males and wheeze, bronchitis, and 
chest colds among females. Using logistic regression, offspring 
were shown to be 1.5 to 2.0 times more likely to have a respiratory 
condition if both their parents currently smoked than if both 
parents never smoked. FEV1 and FVC among males and Vmax50 among 
females were significantly lower by 5% in nonsmokers 10 to 19 yr 
of age whose parents were current smokers compared with similar 
offspring of never smoking parents. Respiratory conditions were 
generally more frequent and the level of lung function was generally 
lower for males from households where only mothers smoked compared 
with males from households where only fathers smoked, although 
sample size was limited. In females similar relationships were 
less consistent. Differences tended to be larger and more often 
significant for males than for females when respiratory symptoms 
and illness were examined. Comparisons between offspring of 2 
current and 2 never smoking parents and those involving the number 
of parental smokers in a child's lifetime provided stronger 
associations of passive smoking with respiratory conditions and 
lung: function than did the number of household smokers, duration, 
or amount of parental smoking. In general, these associations 
were independent of parental education, family size, parental 
reporting bias, and the child's own smoking habits. 
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Passive Smoking in Childhood 


Respiratory Conditions and Pulmonary Function In 
Tecumseh, Michigan ” 4 


CECIL M. BURCHFIEL, MILLICENT W. HIGGINS, JACOB B. KELLER, WILLIAM F. HOWATT, 
WILLIAM J. BUTLER, and UN T. T. HIGGINS 


Introduction 

Until recently, relatively few studies 
have focused on the health effects of pas¬ 
sive or involuntary smoking- Passive 
smoking during infancy and childhood 
has been associated with acute respira¬ 
tory illness (1-16), chronic respiratory 
* symptoms (17-22), and reduced pulmo¬ 
nary function (21, 23-26), although not 
all investigations have confirmed these 
associations (27-31). The qualitative and 
quantitative differences of mainstream 
and sidestream cigarette smoke have bten 
documented (32, 33); a number of con¬ 
stituents are more concentrated in side- 
stream than in mainstream smoke. The 
need for better characterization of ex¬ 
posure and control of potential con¬ 
founding factors has been recognized 
(34-37). 

Investigations involving young chil¬ 
dren are of interest for several reasons: 
(/) confounding effects of active smok¬ 
ing and occupational exposures are ab¬ 
sent, ( 2 ) children may be more exposed 
and/or susceptible than aduhs, and (i) 
, the risks of passive exposure can be as¬ 
sessed during the period of lung growth 
and development. Children spend 60 to 
80^o of their time indoors (38), depend¬ 
ing on season and geographic location. 
Because cigarette smoking is prevalent 
among adults, the likelihood of passive 
exposure in children is high. It has been 
estimated that 54 to 70Vo of children are 
exposed to one or more cigarette smokers 
in the household environment (I, 27,28, 
38, 39). Because of the large number of 
exposed persons, the proportion of time 
spent indoors and recent energy conser¬ 
vation efforts, the public health impact 
of passive smoking could be substantial. 

The purpose of this study was to as¬ 
sess the cross-sectional relationships of 
Passive smoking to respiratory symp¬ 
toms, illnesses, and lung function in chil^ 
dren and adolescents of Tecumseh, Mich- 

• 6 $ 
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igan. Several measures of passive smok¬ 
ing were developed from questionnaire 
data. Effects of parental education, fam¬ 
ily size, parental symptoms and illnesses, 
and active smoking by the children them¬ 
selves are evaluated. 


Methods 

Study Population 

Residents of Tecumseh, Michigan have been 
participants in a community-based prospec¬ 
tive investigation for the past 25 yr. The ma¬ 
jor purpose of the Tecumseh Community 
Health Study has been to identify deter¬ 
minants of health and disease in a natural 
community. Its design, methods, and histor¬ 
ical perspective have been described previously 
(40-42). Standard questionnaires, certain 
physiologic measurements, and clinical assess¬ 
ments by physicians were available. 

During the second cycle of examinations, 
conducted between 1962 and 1965, a total of 
4,378 children and adolescents 0 to 19 yr of 
age were interviewed and examined. Of the 


4,378 subjects, the following were excluded 
from this investigation: 82 because they were 
not residing with their parents, 688 because 
both parents were not interviewed, and 126 
because they were active smokers (smoking 
habits were available only for those 16 to 19 
yr of age; children 15 yr of age or youngeT 
were assumed to be nonsrookers). A total of 
3,482 nonsmoking males and females 0 to 19 
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TABLE 1, 

REGRESSION STATISTICS FOR LUNG FUNCTION MEASUREMENTS. ASYMPTOMATIC NONSMOKING 
MALES ANO FEMALES. TECUMSEH; 1962-1965* 


m^rttuor SutiVbCS 


Sex 

irt 

Measure 

r> 

• 

* 

• *» 

R* 

Syx 

Male 

10-15 

FEV, 

629 

-6293 

am 

0043 

0747 

0423 



FVC 

628 

-6447 

ana 

00S2 

0739 

0507 



Vmax« 

616 

-4311 

0152 

0036 

0490 

0729 


79-19 

FEX 

127 

-6722 

- 

0046 

0289 

0534 



FVC 

t27 

-6214 

— 

0064 

0303 

0720 



Umax* 

124 

-1226 

- 

0034 

0075 

0690 

Female 

K>-15 

FE\L 

624 

-3666 

0093 

0032 

0550 

0396 



FVC 

624 

—4322 

0096 

0036 

0559 

0437 



tonaxw 

614 

-2216 

0112 

0031 

0264 

0754 


16-19 

FEV, 

155 

-3397 

— 

0040 

0233 

0432 



FVC 

155 

-3305 

— 

0041 

0220 

0459 



Vmax* 

154 

-2134 

- 

0037 

0054 

0940 


* My w w MM F wdicto d km® hitaon • a ♦ to ■ ap* (yrj ♦ to N0 to mm) tor 10- to II y i c *d » , pm&cmC bn® 


yr of Age and members of their households 
constituted the study population* 

Cues/ionne/nr 

person*!, demographic; and medical infor¬ 
mation were ascertained using a standard 
questionnaire. Parents responded for children 
15 yr of age or younger. Several respiratory 
symptoms and illnesses were selected for 
evaluation: these included cough, phlegm, 
wheeze, asthma, bronchitis, and colds settling 
in the chest. In general, questions involved 
a past history of these conditions, rather than 
ascmainxDeDf of symptoms and illnesses de¬ 
fined only at the timt of interview. Specific 
questions used to define these respiratory con¬ 
ditions and results concerning neonatal, al¬ 
lergic, and other conditions are r eported else- 
where (43) The diagnostic criteria for asthma, 
reported by Higgins and Keller (44) and 
Broder and coworkers (45), were used, and 
a probable or suspect diagnosis was included 
as asthma. 

Information was available concerning pa- 
_ rental education, family size, and presence or 
absence of parental respiratory symptoms or 
illness. Categories of parental education in¬ 
cluded: (S) at least one parent who did not 
complete high school, (2) both parents com¬ 
pleted high school* and (5) either parent at¬ 
tended college. Family size was defined as the 
number of persons residing in a household. 
Categorical definitions were used to classify 
children according to whether their mothers 
or fathers had a history or diagnosis of the 
specific respiratory condition under study. 

Pulmonary Function 

A Wedge* spirometer (Med-Srience Elec¬ 
tronics, Burlington, MA) and a two-channel 
recorder (Sanborn Co., Waltham, MA) oper¬ 
ating at a paper speed of 25 mm/s were used 
to measure lung function. Following maxi¬ 
mal inspiration, subjects performed several 
maximal expiratory efforts until 2 satisfac¬ 
tory tracings were obtained. Measurements 
of volume and flow were based on the trac¬ 
ing with the largest vital capacity and were 
adjusted to body temperature and pressure 
saturated with water vapor (arm). 

Seven volume and flow measurements were 
available (46); forced expiratory volume in one 
•econd (FEV t ), forced vital capacity (FVC), 
and forced expiratory flow at 50^» of vital 
capacity (Vmax**) were selected for use in this 
study because they have been used in other 
studies and were available at subsequent ex¬ 
aminations. Lung function analyses reported 
here involved young persons 10 to 19 yr of 
age in 1962 through 1965. 

Measures of Passive Smoking 
Children were classified by smoking habits 
of their household members at the time of 
mterview. Only cigarette smoking and not pipe 
or cigar smoking was taken into account. Five 
measures of passive smoking were developed. 

1. Current and Fast Parental Smoking 
Habits: 


mm • • taipt 'em) tor » to itoywtoto 


Father Never Cuj run Current Never All 
Mother Never Current Never Current Other* 

II. Number of Parental Smokers During 
Child’s Lifetime: (0, 1, and 2). 

III. Number of Current Household 
Smokers: (0, 1, 2, 3, or more). 

IV. Duration of Parental Smoking During 
Child’s Lifetime. 

V. Current Amount of Parental Smoking. 

The first index provided one of the more 

extreme contrasts in passive smoke exposure, 
where children having both parents who new 
smoked are compared with those having both 
parents who were current smokers. Children 
from households where only fathers smoked 
and where only mothers smoked could also 
be compared using this index The “all Others" 
category included children having one or both 
parents who were former smokers. For the 
second index, children were categorized by 
presence or absence of parental smoking dur¬ 
ing the child’s lifetime. To include potential 
prenatal exposure to parental smoking, a 
child’s lifetime was defined as 1 yr before birth 
to the time of examination in 1962-1965* 
Smoking habits of siblings and relatives who 
were 16 yr of age or older were included with 
those of parents in the classification of cur¬ 
rent household smokers. For duration and 
amount of parental smoking, the number of 
years and average number of cigarettes 
smoked per day by each parent were summed. 

Data Analysis 

Prevalence rates of respiratory symptoms and 
illnesses, and levels of lung function in chil¬ 
dren and adolescents were compared across 
parental smoking categories using 5-yr, age- 
and sex-specific groups. Stratification was 
used initially to control for potential con¬ 
founding by parental education, family size, 
parental history of respiratory symptoms or 
illness, and active smoking by adolescents. 
Significance was assessed using standard rand 
chi-square tests for differences between means 
and proportions, respectively. Age-adjusted 
prevalence rates were derived using the age 


distribution of all nonsmoking subjects 0 to 
19 yr of age examined in 1962-1965 as a stan¬ 
dard. A Cochran/Mantel-Haenszel procedure 
was used to test for the avenge partial as¬ 
sociation between passive smoking and a spe¬ 
cific respiratory symptom or illness, control¬ 
ling for the effects of age group and assess¬ 
ing whether a linear trend exists (47). To 
compare age-adjusted means, variances for 
those having or not having a specific respira¬ 
tory condition were calculated, and a stan¬ 
dard z statistic for comparing means with 
known but unequal variances was used to de¬ 
termine significance. 

Multiple logistic regression (48) was em¬ 
ployed to control for potential confounders 
simultaneously. Sex-specific analyses were 
performed using each respiratory condition 
as the response variable. The number of pa¬ 
rental smokers during a child’s lifetime (0; 1, 
2) was selected as the independent variable 
of primary interest and was coded using 2 in¬ 
dicator variables. Parental education, family 
size, parental symptom or illness, as well as 
age of the child were considered as covari¬ 
ates. For asthma a diagnosis of hay fever and 
history of other allergies wctt also included 
in the model as potential predictors. Several 
methods of including age were considered; 
regression coefficients were similar for each. 
Likelihood ratio tests (48) were used to com¬ 
pare methods of including age, to deride 
whether certain variables should be retained 
in the logistic model, and to confirm whether 
or not statistical interaction was present. 
Goodness of fit for these logistic models was 
assessed using methods proposed by Leme- 
show and HosmeT (49), where information 
from both cases and noncases is incorporated. 

Levels of lung function were expressed as 
a percent of predicted or were adjusted using 
analysis of covariance. Predicted values of 
FEV„ FVC, and Vmax M were obtained by 
regressing observed values of asymptomatic 
nonsmokers on age and height separately for 
2 age and sex groups using the population 
Of nonsmoken 10 to 19 yr of age who were 
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TABLE 2 

PREVALENCE Of PARENTAL SMOKING AMONG 
SUBJECTS 0 TO 19 YR Of AGE. TECUMSEH. 
1962-1965 


Ptrtnui Smoking 


Esther 

Metier 

t) 

a 


'Mover 

567 

15.7 


Current 

1.136 

31.5 

Current 

Never 

963 

272 

Mrvvr 

Ceiei 

109 

3 0 

A* Oft*! 

913 

225 

To* 

am 

999 


free ofasthmi and wheeze without colds, and 
if 16 to 19 yr of age, free of cough, phlegm, 
and moderate or severe shortness of breath. 
A total of 1457 nonsmokers 10 to 19 yr of 
age met these criteria and had complete age, 
height, and lung function data (FEV,, FVC, 
or Vmax„). The significant terms of the 
•elected regression model included age and 
height for those 10 to 15 yT of age and height 
only for those 16 to 19 yT of age Regression 
statistics for these models art presented in ta¬ 
ble 1. Models that included powers of height, 
weight, or interaction terms did not increase 
substantially the amount of variation ex¬ 
plained by the simple model employing only 
age and height. Race was not included in the 
models because all subjects are white. Regres¬ 
sion statistics for FEV, and Vmax* were pub¬ 
lished previously for nearly the same group 
of children 10 to 15 yr of age (50), Sex-specific 
regressions were used because of differences 
between males and females in lung growth. 

Analysis of covariance models were also 
used to adjust levels of lung function for age 
and height, parental education, and family 
size (51). The covariance model assumes no 
interaction and a linear relationship between 
covariates and lung function. Tests for equals 
ity of slopes among those exposed and unex¬ 
posed to parental smoking were performed 
to rule out interaction; linearity was also as¬ 
sessed. Both assumptions for the model were 
met (43)j In contrast to the percent of 
predicted method of adjustment, this ap¬ 
proach does not require definition of a heahhy 


standard population and allows comparisons 
to be made in units of actual lung volume 
or flow. 


Results 

Pit valence of Passive Smokint 
Prevalence of passive exposure to ciga¬ 
rette smoke was estimated using two- 
parent households where both parents 
were interviewed (table 2) A total of 
61.7* of all objects 0 to 19 yr of age 
had at least one currently smoking par¬ 
ent; 31J4% had both parents who cur¬ 
rently smoked Having a father as the 
only parental smoker was far more preva¬ 
lent than having a mother as the only pa¬ 
rental smoker (274^i versus 3.CW*). Only 
15.7^* of the subjects 0 to 19 yr of age 
were never exposed to parental smoking. 

Respiratory Symptom and Illness Prevalence 
Prevalence rates of several respiratory 
symptoms and illnesses in Tecumseh have 
been shown previously to vary with age 
and sex (43). Age-specific prevalence 
rates of several respiratory conditions are 
presented in table 3. For most respira¬ 
tory conditions, prevalence rates tended 
to be higher in males than in females, sig¬ 
nificantly so for phlegm, wheeze, asthma, 
and chest colds in at least one of the age 
groups. Cross-sectional frequencies of 
phlegm, wheeze, and chest colds tend to 
decrease as age increases, whereas with 
cough, asthma and bronchitis prevalence 
rates vary with age in a less consistent 
manner. Age-adjusted prevalence rates 
of 4 respiratory conditions are presented 
by parental smoking category for males 
and females in figures 1 and 2, respec¬ 
tively For both sexes and all 4 conditions, 
prevalence rates were higher among non¬ 
smoking children whose parents both 
currently smoked than among children 
whose parents never smoked. Differences 


TABLE 3 


PREVALENCE (%k) OF RESPIRATORY SYMPTOMS AND ILLNESSES BY AGE AND BEX, NONSMOKING 
CHILDREN FROM TWO-PARENT HOUSEHOLDS. TECUMSEH. 1962-1965* 
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9.5 
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72 

7.9 

Phlegm 
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14.1 

149 
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97 
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24.ftt 
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•2* 

17.0 

9.7* 

13 3 
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Bronchitis 

133 

10.5 
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11.0 

100 

11:7 

14.5 

Chest coW 

399 

304* 

294 

26.5 

20.9 

190 
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14 9 
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Fig 1. Age-sd)u*ed pttvsience erf nosptroiory aand*- 
bont fry pwtntt) smoking. male nonemoker* 0 fc 19 
yr at ago, Tecumeeh, 1962-1966 


were significant for the majority of coat? 
ditiorn: 

When the number of parental smokers 
during a child’s lifetime was considered, 
age-adjusted prevalence rates were 
highest for children exposed to 2 paren¬ 
tal smokers and generally lowest for un¬ 
exposed children, the trend being signifi¬ 
cant for phlegm, wheeze, asthma, and 
colds settling in the chest among males 
and for wheeze, bronchitis, and colds set¬ 
tling in the chest among females (table 
4). Although not presented in detail here; 
for all respiratory conditions except bron¬ 
chitis in males, parents of nonsmokers 
0 to 19 yr of age reported smoking sig¬ 
nificantly more cigarettes (mean differ¬ 
ences ranged from 1 to 4 per day) and 
for significantly longer periods of time 
(mean differences ranged from 7 to 24 
months) when a gi ven respiratory symp¬ 
tom or illness was reported for their chil¬ 
dren than when it was not reported, af¬ 
ter adjusting for differences in age (p < 
0.0001). 

Previous work in Tecumseh has shown 
that parental smoking habits are related 
to parental education but not to family 
size (43, 52). In this investigation, level 
of education was highest among house¬ 
holds where both parents never smoked. 
Although not shown here, children from wr 
households where both parents currently v 
smoked tended to have higher respiratory 
symptom and illness prevalence rates 
than those where both parents never CO 
smoked within each degree of parental co 
education and family size GO 

When results were stratified by paren- 
tal history of a given respiratory condi- 
tionfthere was some reduction in the 
magnitude of the parental smoking ef- 
feci, yet for several conditions the rela? 
tionship remained significam.for exam¬ 
ple, in households where both parents 


o 
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Fig. 2. AOMdjuiUd pravaianc* o# respiratory eood^ 
toons by parental smoking, tomato nonamokars 0 to 19 
ft of M teumMh, 1962-1965. 

reported a history of phlegm, male off¬ 
spring had a prevalence rate for phlegm 
of 13.4, 12.5, and 18.5% for 0, 1, and 2 
parental smokers, whereas the prevalence 
^rate was 14.9, 9.0, and 17.5%, respec¬ 
tively, when both parents denied history 
of phlegm. Differences remained signifi¬ 
cant for phlegm and asthma among 
males regardless of a history of the same 
symptom or illness in their parents. 

Results obtained using logistic regres¬ 
sion models are presented in table 5. The 
odds ratios represent measures of the 
degree of association between passive 
smoking and each respiratory condition 
controlling for potential confounding by 
age, parental education, and family size. 

° f * m * ie pj° a 

yr of age having asthma are 2.!6 times 
as great If he waa passively exposed to 
1 parents whaainently smoked'tfian If 
lie was tmdeposed. For botlfisexe^and 
almost all respiratory condhlpn^odds 
latios were higher for childx&witn 2 pa- 
itntiiEmoketfcompared yrith: children 
who hadnever been exposed to parental 
d^mte smoke Odds ratios tended to 
be higher for males from households 
where mothers were the only smokers 
than for males from households where 
only fathers smoked. The pattern was 
reversed* though less consistently, for 
females. 

When logistic regression models em¬ 
ploying the number of parental smokers 
during a child's lifetime (0, I, or 2) were 
used as a measure of passive smoking, 
*imilar odds ratios were obtained for 
most respiratory conditions. When chil¬ 
dren with one parental smoker were 
compared with the unexposed reference 
group, odds ratios were frequently close 
to or less than 1.0* yet did not differ sig¬ 
nificantly from 1.0. This suggests that ex¬ 
posure to one parental smoker* who was 


most often the father, is not associated 
with an increased probability of having 
these respiratory symptoms or illnesses. 
In comparing logistic models using the 

2 different passive smoking measures, the 
-2 log likelihood values and the frac¬ 
tion of variance explained by the models 
are almost identical, suggesting that lit¬ 
tle is gained statistically by categorizing 
parental smoking more completely with 
5 as opposed to 3 levels (43). An analysis 
of the goodness of fit for these logistic 
models revealed dose agreement between 
observed and expected cases across 
denies of risk. 

Pulmonary Function 

Mean lung function expressed as a per¬ 
cent of predicted is presented in figure 

3 for nonsmoking males and females 10 
to 19 >7 of age whose parents were both 


never (98 males and 93 females) or cur¬ 
rent (201 malesand 199 females) smokers. 
Mean FEV, and FVC for males and 
Vmax M for females were significantly 
lower if both parents were current 
smokers rather than never smokers. 
Results were virtually identical when 10- 
to 14- and 15- to 19-yr-old age groups were 
analyzed separately. 

Levels of FEV, and FVC for males and 
Vmax« for females were inversely related 
to the number of parental smokers dur¬ 
ing a child's lifetime among nonsmokers 
10 to 19 yr of age. Using analysis of covar¬ 
iance to adjust levels of lung function for 
age and height, male nonsmokers 10 to 
19 yr of age from households where both 
parents smoked had a mean FEV, that 
was 144 ml (4.6%) lower than that for 
males with no parental smokers (table 6). 
Similarly, a deficit of 173 ml (4.9%) in 


TABLE 4 

AGE-ADJUSTED PREVALENCE (H) Of RESPIRATORY CONDITIONS BY SEX AND NUMBER 
Of PARENTAL SMOKERS DURING CHILD'S LIFETIME. NONSMOKERS 
0 TO 19 YR Of AGE. TECUMSEH. 1962-1965* 
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TABLE 5 

OODS RATIOS RELATING PARENTAL SMOKING TO RESPIRATORY CONDITIONS ADJUSTING FOR 
THIRD VARIABLES USING MULTIPLE LOGISTIC REGRESSION, NONSMOKING MALES 
__ AND FEMALES 0 TO 19 YR Of AGE. TECUMSEH, 1962-I965*t 


Parental Smoking 
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Fig i M*an%pr»d*todiunptur»ctoon 
by par»nt*l smoking < m8f# and tamaJa 
n on am okart 10 *o 1ft yr of agt, Tacurrv- 
9*h. 1962-1965. 


FVC for males 10to 19 yr of age and of 
185 ml/i (5-197®) in Vmax«, for females 
10 to 19 yr of age was observed. 

Although not presented here* mean 
level of lung function tended to be in¬ 
versely related to the total number of 
smokers in the household; this was most 
evident for FEV,^» predicted among 
male nonsmokers, yet sample size was 
small, and trends were not significant 
(43). Lung function was also inverse¬ 
ly related to duration and amount of 
parental smoking among nonsmoking 
males 10 to 19 yr of agt but not among 
females (43). 

Differences in lung function across pa¬ 
rental smoking categories were similar in 
magnitude when results were stratified 
across levels of parental education and 
family size. When each potential con- 
founder was included in an analysis of 
covariance, model associations between 
passive smoking and impaired lung func¬ 
tion persisted. 


investigations to date have used either a 
dichotomous classification or the num¬ 
ber of current parental smokers as ex¬ 
posure variables; only one study defined 
exposure to parental smoking with ref¬ 
erence to the child's lifetime (25). A few 
studies have classified exposure based 
on the number of cigarettes currently 
smoked per day (5, 9,18, 53). Although 
results of this investigation were gener¬ 
ally similar for all measures of passive 
smoking, current and past smoking 
habits and the number of parental smok¬ 
ers during a child's lifetime were most 
useful in assessing passive smoking and 
respiratory outcomes. Misclassification 
of exposure was a potential problem both 
for this investigation and others preced¬ 
ing it. The frequency of contact between 
children and their parents while cigarette 
smoking occurred, as well as exposure 


patterns in day care settings for young 
children of working parents, are addi¬ 
tional factors that should be addressed 
to future research. . 

Passive exposure to cigarette smoke 
was associated with increased prevalence 
of phlegm, wheeze, asthma, and colds 
•ettiing to the* chest among males, and 
wheeze, bronchitis, and colds settling in 
the chest among females in Tecumseh. 
Several cross-sectional studies have 
demonstrated significant associations be¬ 
tween parental smoking and phlegm (17), 
wheeze (17, 21), bronchitis (5-7), and 
asthma (12,15), whereas-others have not 
documented such associations (16, 27). 
The lack of significant association be¬ 
tween parental smoking and history of 
cough in this study was consistent with 
results of several studies (16, 27) but not 
with those of others (17-19, 22). Came¬ 
ron and Robertson (4) were among the 
firstJo suggest that differences in illness 
prevalence related to parental smoking 
might be of greater magnitude in geo¬ 
graphic locations where more time is 
spent indoors because of the climate. 

The significant inverse relationship ob¬ 
served in this investigation between pa¬ 
rental smoking and level of lung func¬ 
tion to nonsmokers 10 to 19 yT of age is 
consistent with several previous studies 
(21, 23-26, 54) but not with others (17. 
27,28, 30). Most of the studies showing 
a positive association also demonstrated 
a dose-response relationship. Results of 


TABLE 6 


Discussion 

Prevalence rates of respiratory conditions 
and level of lung function have been ex¬ 
amined in a defined community for 
nearly 3,500 young persons in relation 
to the smoking habits of their parents. 
The prevalence of passive exposure to cig¬ 
arette smoke in Tecumseh during the 
1962-1965 time period was similar to that 
found in other population surveys (1, 27, 
39). Approximately 62^* of those 0 to 
19 yr of age in this study had at least one 
parent who currently smoked compared 
with 54 to 70% reported in other studies. 
Given the large proportion of children 
exposed, the amount of time spent in¬ 
doors, especially by younger age groups, 
and recent energy conservation efforts, 
which reduce ventilation, the public 
health impact of passive smoking could 
be substantial 

Several indirect measures of passive ex¬ 
posure to household cigarette smoke were 
developed from questionnaire data Most 
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this research tend to support these find¬ 
ings for several measures of lung func¬ 
tion, although the minimal level at which 
an effect of parental smoking can be de¬ 
tected remains unclear. Investigators have 
suggested that the lack of association ob¬ 
served in several studies may be due to 
climatic factors (17, 27), selection of a 
pulmonary function measure (peak ex¬ 
piratory flow), which may not be ade¬ 
quately sensitive (30), or small sample 
size (55). Schilling and coworkers (28) did 
not show a significant relationship in 
general, ah.bough significantly lower 
maximal flow at 50% of FVC (MEF*> 
or Vmaxw,) was observed among non¬ 
smoking girls whose mothers smoked. 
Tkger and coworkers (55) suggested that 
a larger sample might have revealed a 
similar relationship among boys. 

Measures of lung function in Tecum- 
seh children were not entirely indepen¬ 
dent, because values for children of the 
same household were correlated. Intra- 
class correlation coefficients of approx- 
' imately 025 have been observed between 
siblings, with 0.46 between male siblings 
and 0.66 between female siblings in 
Tecumseh (44). When a random sample 
of one child per household was selected 
from this population, results were essen¬ 
tially unchanged, demonstrating that a 
lack of independence would not account 
for the observed association with passive 
smoking. 

Several investigators have adjusted 
children’s lung function by their parent’s 
lung function (28) or by their parent’s 
body mass (56). It is likely, as suggested 
by Weiss and associates (57), that this ad¬ 
justment would mask a true passive 
smoking effect, should it exist. 

Several investigators have attempted to 
control for potential confounders of the 
relationship between passive smoking 
and respiratory outcomes. For example, 
Fergusson and colleagues (5) demon¬ 
strated an increase in bronchitis and/or 
pneumonia during the first 2 yr of life 
in children of mothers who smoked af¬ 
ter controlling for socioeconomic status, 
family size, and maternal age. Several in¬ 
vestigators have shown that the associa¬ 
tion of passive smoking with impaired 
lung function remains significant after 
controlling for parental education (23„ 
24), sibship size (21,23), and the child’s 
own smoking (25). Results from this 
study indicate that associations of paren¬ 
ts! smoking with prevalence of respira¬ 
tory conditions and lung function are in¬ 
dependent of parental education and 
family size. 

Cigarette smoking by children may be 


related to both parental smoking and the 
respiratory outcomes under study. In this 
research, significant relationships be¬ 
tween measures of passive smoking and 
respiratory outcomes have been demon¬ 
strated among children and adolescents 
who were presumed to be never smokers. 
There is a possibility that some of the 
observed passive smoking effect in chil¬ 
dren 10 to 15 yr of age might be due to 
unreported active smoking, and some of 
the effect in those 16 to 19 yr of age might 
be due to inaccurate reporting of their 
smoking habits. In subsequent analyses, 
subjects who were reexamined 15 yr later 
and reported cigarette smoking at an age 
that was younger than their baseline ex¬ 
amination in 1962*1965, were also ex¬ 
cluded and, in general, results were un¬ 
changed. It is unlikely that observed as¬ 
sociations between respiratory conditions 
and parental smoking among the young¬ 
est age groups could be explained by ac¬ 
tive smoking by the children themselves. 

Parents who smoke and report respi¬ 
ratory symptoms or illnesses themselves 
may tend to overreport respiratory con¬ 
ditions in their children; this parental 
reporting bias has been raised as a possi¬ 
ble explanation for passive smoking 
health effects (6, 7, 16, 17, 27, 57). 
Schenker and associates (16) suggested 
that associations between passive smok¬ 
ing and respiratory symptoms and ill^ 
nesses may be due to shared genetic 
and/or environmental factors, or to over- 
reporting by symptomatic parents for 
their children. Weiss and colleagues (58) 
found an increased risk of atopy in non¬ 
smoking children of smoking mothers 
that was not explained by maternal 
reporting bias. When stratification or 
logistic regression was used in the pres¬ 
ent research to control for parental 
reporting bias, trends were occasionally 
diminished^ yet relationships generally re¬ 
mained significant. 

It is possible that some of the observed 
association with passive smoking might; 
be due to gas cooking or heating. The 
relationship between gas cooking or heat¬ 
ing and respiratory conditions (16,29,53, 
59-61), and associations with lung func¬ 
tion have been demonstrated in some 
studies (23* 29) but not in others (54, 55, 
59* 62). Results of a pilot study involv¬ 
ing a sample of 213 nonsmoking women 
from Tecumseh did not show a signifi¬ 
cant relationship between gas cooking 
and FEV, (62). Schenker and associates 
(16) did not find gas cooking to be an 
independent risk factor for chronic re¬ 
spiratory symptoms or illnesses. 

In general, respiratory conditions were 


more prevalent and, although not 
reported here, lung function was lower 
for male offspring when the only smoker 
in a household was the mother rather 
than the father (43). Stronger associa¬ 
tions with maternal smoking than with 
paternal smoking have been observed in 
a number of studies (5, 15, 16, 21, 23* 

53-55,61* 63,64) This is consistent with 
a potentially greater passive exposure of 
children if their mothers smoke than if 
their fathers sjpoke, because of more time 
spent by offspring in the presence of their 
mothers during this time period. In this 
study, associations of passive smoking 
with respiratory conditions and lung 
function appeared stronger among 
younger than among older age groups 
and among males rather than among fe¬ 
males. Higher prevalence rates of respi¬ 
ratory symptoms and illnesses have been 
observed among younger age groups (2, 

5, 21) and among male children (21, 65). 

Younger age and male sex have been iden¬ 
tified as independent risk factors for 
acute respiratory illnesses and chronic re¬ 
spiratory symptoms (16). Associations 
between maternal smoking and lung 
function were strongest among younger 
male children in one study (64) and 
among female children in others (2124, 

26, 54). 

The apparent sex difference observed 
in this research was not explained by a 
difference in dose or duration of exposure 
to parental smoking. Confounding by ac¬ 
tive smoking could account for some of 
the significant associations observed in' 
males 10 to 15 yr of age if a greater 
proportion of males than of females were j 

active smokers. However, such confound- ij 

ing would not account for such associa¬ 
tions in the younger age groups. As sug¬ 
gested by Taussig and coworkers (66), the 
sex differential in response to parental 
smoke exposure may have a physiologic 
basis. The higher prevalence and inci¬ 
dence of asthma among males, for 
example, may be consistent with an in¬ 
creased susceptibility of males to side- 
stream cigarette smoke or other pollu¬ 
tants. Weiss and associates (58) recently 
demonstrated significantly elevated odds 
ratios for atopy in males but not in fe¬ 
males with a prior history of bronchioli¬ 
tis or croup. 

The magnitude of association bet ween 
parental smoking and children’s lung 
function appears similar to that found 
in other studies. Whether a decrement 
of 144 ml in FEV, (4.6^«) associated with 
having 2, compared with no, parental 
smokers will become clinically significant 
with increasing age remains to be inves- 
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tigated. Tiger and associates (55) recently 
reported a deficit in expected growth, of 
lung function in children participating 
in the Six-Cities Study, Additional lon¬ 
gitudinal studies should be conducted to 
further substantiate these long-term ad¬ 
vene effects and to quantitate the mag¬ 
nitude of impact that exposure to paren¬ 
tal cigarette smoke may have on respira¬ 
tory health. More accurate estimates of 
passive smoking using specifically de¬ 
signed questionnaires and biochemical 
markers such as cotinine in urine or saSva 
are needed. 
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Kerigan, A.T., Goldsmith, C.H., Pengelly, L.D. "A Three-Year Cohort 
Study of the Role of Environmental Factors in the Respiratory Health 
of Children in Hamilton, Ontario: Epidemiologic Survey Design, 
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SUMMARY: The relative importance of the effect of outdoor 
environmental factors (suspended particulates, sulphur dioxide) 
and: indoor environmental factors (parental smoking, gas cooking), 
on the respiratory health of children is still unclear. To answer 
these questions, a 3-yr cohort analytic study has been conducted 
in Hamilton, Ontario between 1978 and 1981. The prevalence of 
respiratory symptoms and indoor environmental factors was 
determined by an interviewer-administered questionnaire. Pulmonary 
function measures included both the forced expiratory maneuver and 
the single- and multiple-breath nitrogen washouts. Outdoor air 
quality was measured by a comprehensive network of suspended 
particulate and sulphur dioxide monitors. There were 3,345 children' 
7 to 10 yr of age studied in the first year, a response rate of 
95.4%, 3,727 in the second year, and 3,168 in the third year; 75.6% 
of the initial cohort were studied in both Year 2 and Year 3. 
Comprehensive quality control in the study included measurement of 
the repeatability of both the questionnaire and pulmonary function' 
data. Repeatability was acceptable except for variables derived 
from the single-breath nitrogen washout (correlation between initial 
and repeat closing volume vital capacity was 0.14). Cigarette 
smoking in Year 3 was reported in 4.8% of the children. The 
distribution of other covariables was not uniform, and the 
prevalence of parental smoking and gas cooking was greatest in the 
industrial area with the highest particulate pollution. Future 
analysis of these data will require the effect of these covariables 
to be distinguished from that caused by outdoor air pollution. 
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Introduction 

The study of environ mental factors 
responsible for respiratory disease in chil¬ 
dren is important for 2 reasons: (7) the 
absence of confounding factors, such as 
personal smoking and occupation, 
makes the interpretation of any observed 
association between air quality and re¬ 
spiratory disease more credible; and (2) 
the growing realization that respiratory 
illness during childhood may predispose 
to the development of respiratory mor¬ 
bidity and early mortality from respira¬ 
tory illness during adult life (1; 2). 

This particular usefulness of children 
has become more important as air qual¬ 
ity has improved during the last decade 
(1970-1979) and levels become closer to 
the Ontario guidelines. For total sus¬ 
pended particulates (TSP), the Ontario 
objective (annual geometric mean) is 60 
Mg/m 3 . In 1978, the annual TSP in 
Hamilton was 77 pg/m^. For sulphur di¬ 
oxide, the objective is 0i02 ppm annual 
average and the measured level was 0.016 
ppm (3). 

Studies in several countries from 1967 
to 1978 have identified a number of en¬ 
vironmental factors that might lead to 
respiratory disease in children. The ini¬ 
tial study of the effect of the particu¬ 
late/sulphur dioxide (SO,) complex was 
conducted by Lunn and coworkers (4) 
and showed increased prevalence of re¬ 
spiratory symptoms and reduced pulmo¬ 
nary function in areas of poor air qual¬ 
ity. Improvement in air quality led to a 
reduction in these adverse health effects 
(5), Follow-up studies in several towns in 
the United Kingdom by Melia and eol- 
Itagues (6) showed that adverse health 
effects were now extremely difficult to 
find with the further improvement in air 
quality. These studies, however, did not 
consider the possible role of parental 
smoking. 

As outdoor air quality improved, at¬ 


tention changed to indoor air quality, 
particularly in relation to parental smok¬ 
ing and indoor sources of gaseous pollu¬ 
tants such as gas stoves. The health ef¬ 
fects from parental smoking appear to 
be most marked in the first years of life 
(7), but studies of this effect on older chil¬ 
dren have not yielded consistent results, 
some showing increased prevalence of 
symptoms (8) but others showing no ef¬ 
fected 10), Colley and coworkers (11) sug¬ 
gested that the effect of parental smok¬ 
ing may be due predominantly to the in¬ 
creased prevalence of parental cough. An 
effect of parental smoking on children's 
pulmonary function has also been shown 
(12,13). The influence of gas cooking was 
first suggested by Melia and coworkers 
(14), although the effect seemed to de¬ 
crease as the children became older. In 
contrasty Keller and colleagues (15) were 
not able to find any effect of gas cook¬ 
ing on children's respiratory symptoms. 

The uncertainty about the role of low 
levels of TSP and SO,, and their impor¬ 
tance in relation to domestic environmen¬ 
tal faaors, led us in 1978 to initiate a 3- 


yr cohort study in Hamilton, Ontario 
that was designed to answer the follow¬ 
ing questions. (I) Is there an effect on 
children's respiratory health of suspended 
particulates and SO, at the present lev¬ 
els? (2) What is the effect of the various 
factors in the domestic environment 
when considered in relation to outdoor 
air quality? 

The main study was preceded by a pir 
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TABLE 1 

SUSPENDED PARTICULATE LEVELS BY AREA OF CITY 


(JANUARY THROUGH DECEMBER I960) 
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lot study (16) which demonstrated that 
within Hamilton, Ontario, there existed 
substantia] gradients across the city for 
suspended particulates and SO, that 
would enable us to study children with 
differing exposures in the same city. This 
offered major logistical advantages in a 
design similar to that of Lunn and co¬ 
workers (4), During the current study, 
these gradients for suspended particu¬ 
lates continued to be present. The levels 
in each area of the city during 1980 art 
shown in table 1 in terms both of the an¬ 
nual geometric mean and of the daily 
maximum. The table also shows the 
proportion of particulate load less than 
7.0 n. Despite the increasing level of par¬ 
ticulates towards the industrial core, there 
is little change in the proportion of par¬ 
ticulate matter less than 7.0 p; 

Mathoda 

Design of Study 

Hamilton, with a population of approxi¬ 
mately 300^000; is a city situated at the west¬ 
ern end of Lake Omario. The dominant geo¬ 
graphic feature is an escarpment of approxi¬ 
mately 100 m high that runs from east to west, 
effectively dividing the city into a lower sec¬ 
tion and a mountain section! The city is in¬ 
dustrial, with the heavy industrial core, lo¬ 
cated in the northeast section of the city, be¬ 
ing the dominant producer of particulate and 
SO, emissions, although there is a secondary 
SO, area source in the commercial section lo- 


sary for biologic significance. One of the prin¬ 
cipal outcomes of interest was the measure¬ 
ment of air flow, especially at low lung 
volumes. Estimates of the mean and standard 
deviation of these variables were obtained 
from our pilot study (16) (FEV,; mean, 1.79 
L; SD, 0.36; MEF n ‘ mean, 1.09 L/s; SD, 0.44), 
The first criterion employed in sample size 
determination was that there should be only 
a 10*7* chance of missing a biologic differ¬ 
ence (Beta error * 0.1), A second criterion 
was that a difference was considered to exist 
between the 2 samples if the appropriate 
statistical test showed that the observed differ¬ 
ence had only a 5tf* chance of occurring in 
the absence of any real difference (Alpha er¬ 
ror » 0.05). Within each of these quadrants, 
schools were randomly selected until at least 
800 children from Grades 2, 3, and 4 during 
the initial school year had been included. The 
only children excluded were those older than 
10 yT of age by the end of 1978. All children 
in the required grades from the final school 
selected in each quadrant were chosen. The 
children included in the first year of testing 
made up the initial cohort. 

AfteT more detailed air quality monitor¬ 
ing during the first year of the study, it was 
realized that the area of highest exposure (ix., 
TSP annual geometric mean > 60 ug/m’) was 
underrepresented, despite the initial stratifi¬ 
cation by quadrants in the original design. 
For this reason, the 3 remaining schools in 
this area were added, with all children within 
the required age interval being included. 

In addition, in the second year, all children 


in this same age interval as the initial icohort' 
who moved into a school of study were in¬ 
cluded in the study. During the third year; no 
new children were added. 

The questionnaire used in the study was 
one that we had employed in the pilot study. 
It was developed from a questionnaire used 
in a similar study in the European Economic 
Community. The questionnaire covered 
aeveral aspects of the child’s respiratory his¬ 
tory, family smoking and respiratory profile, 
certain aspects of the child’s medical back¬ 
ground, and information relating to the quah 
fcy of the dwelling and socioeconomic rircum- 
stances of the family. There were differences 
between our questionnaire and that developed 
by the American Thoracic Society (17). In our 
questionnaire, a distinction was made between 
morning cough and cough during the day or 
night; the respondent being asked if the child 
usually coughed in the morning or during the 
day or night, respectively. Sputum produc¬ 
tion was not asked about. The question on 
wheezing inquired if the chest ever sounded 
wheezy or whistling. In addition, a question 
about asthmatic attacks in the previous 12 
months was included. TWo questions related 
to acute respiratory illness were included The 
first asked about a period of cough and 
phlegm lasting for 3 wk or more and the sec¬ 
ond about any chest illness keeping the child 
home for a week or more. (A detailed ques¬ 
tionnaire is available from the writers.)in Year 
2, questions about early childhood illnesses 
were added that were derived from the ques¬ 
tionnaire designed by the American Thoracic 
Society (17). Our questionnaire was ad¬ 
ministered in the home by a trained interviewer 
to the motbeT or female guardian, or in her 
absence, to the father or male guardian. The 
questionnaire was administered in each of the 
3 yT of the study prior to the performance 
of pulmonary function testing. 

Pulmonary function testing was performed 
at the child's school. Four types of pulmo¬ 
nary function tests were performed: forced 
expired maneuvers (FEV,, FVC, MEFm, 
MEF„, and MET), spirometry (a slow vital 
capacity (VC) following quiet breathing) (VC, 
ERV), single-breath nitrogen washout 
(CV/VC, N, difference) and multiple-breath 


cated in the western part of the city. Prevail¬ 
ing winds are from the southwest. 

Initial air quality monitoring during the pi¬ 
lot study had indicated the presence of sub¬ 
stantial gradients for both particulates and 
SO,, with the mountain section having lower 
levels than the lower section of the dry. On 
this basis and on the knowledge of prevailing 
winds, we divided the tity into 4 quadrants 
(Figure I) for the purpose of selection of the 
sample to be studied. The sampling frame was 
all public elementary schools within the dty 
of Hamilton. Sample size considerations dic¬ 
tated that at least 800 children would be re¬ 
quired within each quadrant. A difference of 
5 to 7«fc in the mean of a particular pulmo¬ 
nary function variable was felt to be neces- 
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nitrogen washout (FR.£). The additional use 
of the single-breath nitrogen washout was 
justified by the study of Beck lake and cowork¬ 
ers (1.8), who showed an increase in closing 
volume in children exposed to a high particu- 
Ute/SO, environment. 

Air quality was measured by a comprehen¬ 
sive paniculate and SO, network. There were 
27 monitored sites for TSP using hi-vol sam¬ 
plers, with 9 additional hi-vol samplers with 
Andersen 4-stage cascade impaaors for the 
measurement of mass median diameter. In 
addition, there were 16 sites for SO, moni¬ 
tored in groups of 8. vising Beckman 906A 
monitors (Beckrean Instruments, Fullerton. 
CA), for 6-wk periods in rotation. These rites 
were distributed throughout the city. Details 
of air quality monitoring will be contained 
in a subsequent report. 

Protocol 

In the questionnaire survey, interviewers were 
randomly assigned to eligible children at tach 
school to be visited, thus ensuring that several 
interviewers would be assigned to each school. 

In addition, interviewers were rotated to 
schools in different pans of the city. The par¬ 
ents had been informed in advance by ktter 
to expect a phone call from the interviewer. 
The letter alio described the purpose of the 
itudy as being the investigation of the child's 
respiratory health. No mention was made of 
air pollinionj Each interviewer telephoned the 
parent or guardian to arrange for an appoint¬ 
ment for questionnaire administration. There 
was provision for 3 callbacks, if no contact 
was established initially, before no further at¬ 
tempt at interviewing was made. At the time 
of contact, the interviewer was able to screen 
out those children who were older than 10 
yr of age in the first year of testing. If the 
parent consented to the interview, they were 
then visited by the interviewer. The percent¬ 
age of those eligible, for whom an interview 
was not obtained, including those with whom 
no contact could be established; ranged from 
4.6% in Year I to 33% in Year 3 (table 2). 
No further attempt was made to follow these. 
Interpreters were used as necessary, but were 
required for less than 1% of the parents. At 
the end of the interview, the pulmonary func¬ 
tion test was explained to the parent or guard¬ 
ian, and written consent for the test was ob¬ 
tained at that time. The completed question¬ 
naire was then returned for coding, 
keypunching, and data storage at the Com¬ 
putation Services Unit at the Health Sciences 
Centre, McMaster University. 

Pulmonary function testing was per¬ 
formed, throughout the school year, within 
4 wk of the completion of the interview. TWo 
teams of pulmonary function technicians were 
assigned alternately to a school in the upper 
and in the lower part of the city The testing 
routine was explained initially to all the stu¬ 
dents at an assemply and explained further 
to each child at the time of his or her testing. 
A questionnaire about smoking habits was 
alto administered to the child at the time of 
testing in the third year of the study. Puimo- 
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TABLE 2 


CONSENT AND TESTING RATE FOR SAMPLE 



Year t 

Year 2 

Year 3 

Eltflib*# to tntefvww 

3.505 

3.727 

3,168 

Interview* comp*et*d 

3.345 

3.588 

3.065 

oomptoon rata, % 

•5 4 

96 3 

96.7 

Content* g»v*n to tealtng 

3,329 

3,573 

3,055 

Consent rata, H 

95.0 

95 9 

964 

Numbs* teated t . 

3.131 

3.439 

2.949 

Testing oomplenon rmta. % 

as 3 

92 3 

93 1 


nary function testing was performed using the 
Hewlett-Packard 47804A Pulmonary Calcu¬ 
lator System (Hewlett-Packard, Waltham* 
MA). In this system, flow is measured by a 
pneumotachygraph, and volume is computed 
internally by integration with time. Calibra¬ 
tion of the 2 systems used was performed twice 
daily with a 2-L syringe Correction for am¬ 
bient temperature and pressure was performed 
internally by the computer system by enter¬ 
ing the appropriate values. After measurement 
of height and weight, the child first performed 
a multiple-breath nitrogen washout: This was 
followed by at least 3 forced expired maneu¬ 
vers. For acceptance, the 2 largest FVC values 
had to be within 5% of each other. All meas¬ 
urements were taken from the maneuver with 
the greatest sum of FVC and FEV,» Spirome¬ 
try was then performed. If the VC obtained 
was less than the FVC by more than 10%, the 
spirometry was repeated until the estimate was 
within 10%. However, if the VC was greater 
than the FVC by more than 10%, then the 
forced expired maneuver was repeated until 
the FVC estimate was within 10% of VC. Fi¬ 
nally, at least 2 single-breath nitrogen 
washouts were performed in which the expired 
nitrogen concentration was continuously plot¬ 
ted against VC. The method used was that 
of Mansell and associates (19), but without 
the additional dead space. For acceptance of 
the single-breath nitrogen washout test, the 
VC had to be within 10% of the largest previ¬ 
ous VC from spirometry. I f both single-breath 
maneuvers were acceptable, then the closing 
volume from the maneuver with the greater 
VC was taken for analysis. The presence of 
an upper or lower respiratory infection was 
noted by the technician at the time of the test. 
However, the test was always performed, the 
infection data to be used at the time of analy¬ 
sis to estimate the effect of the infection on 
pulmonary function. The testing followed the 
same sequence in Years 2 and 3, except that 
in Year 3, the single-breath nitrogen washout 
was omitted because of poor reproducibility 
(see Discussion). The child was not neces¬ 
sarily tested with the same system nor by the 
same technician, but comparison of results 
from the 2 teams was performed at regular 
intervals to identify any systematic differ¬ 
ences. 

All measurements of flow and of volume 
were computed internally, with output being 
recorded by an on-line printer. Closing vol¬ 
ume, however, was computed by inspection 


of the single-breath nitrogen washout curve, 
and was taken at that point of inflection of 
the nitrogen washout curve from a line drawn 
through phase 3 of the curve (19). These results 
were then returned for coding, keypunching, 
and data storage in a manner similar to the 
questionnaire data. 

The quality control of the data gathered 
was performed in several ways. For both the 
questionnaire and the pulmonary function 
coding, a random 5% sample of the data was 
recoded by a second coder. The reliability of 
the questionnaire data was estimated by the 
random selection of 4 interviewers after each 
pair of schools was completed. For each in¬ 
terviewer, 2 interviews were randomly chosen, 
and within those interviews, 2 questions were 
randomly selectedj The appropriate respon¬ 
dent was then phoned and the questions were 
asked again. Apart from estimating the relia¬ 
bility of the answers, this procedure also veri¬ 
fied that the original I interview had indeed 
taken place. lhterintcrvieweT variation or bias 
was estimated by comparing the response rates 
to certain questions obtained by each inter¬ 
viewer. These data were then examined to see 
if any differences between interviewers might 
be greater than that caused by chance alone. 

When such a difference was found, interview¬ 
ing technique was reviewed to ensure con¬ 
sistency of technique. In no case was it neces¬ 
sary to change any of the interviewing staff 
because of poor reliability. 

The reliability of the pulmonary function 
testing was estimated by the retesting of 8 chil¬ 
dren in each school 2 children randomly cho¬ 
sen from each age group. All data from pul¬ 
monary function testing were passed through 
a range checking program after data storage, 
the range being 4 standard deviations centered 
at the mean; these interval estimates^ of 
parameters being derived from the original 
pilot study. Finally, we were interested in de- 
termining any systematic differences between fw 
the 2 pulmonary function testing teams. The 

presence of any differences was estimated by wj 

parallel line regression analysis for 4 of the i 
variables measured (FVC, MEF r », MET, and w 
CV7VC). This technique used regression anal- CO 
ysis to fit a regression line separately to the QjQ 
data collected by each team; if the linear rela- j 
tionship was the appropriate model, then the * 

hypothesis that the 2 lines were parallel was W 
tested. If this hypothesis was not rejected, then (Jr) 
the hypothesis that the intercepts were the 
same was tested. If the second hypothesis was 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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not rejected then it was concluded that the 
regression lines for the 2 teams were coinci¬ 
dent (20): 

A final quality control measure was an ex¬ 
amination of the proportion of missing values 
for each variable for each team, as an indica¬ 
tor of systematic differences between the 2 
teams. The analysis and the results of these 
quality control measures will be described in 
detail in a separate report. However, the relia¬ 
bility of the questionnaire and pulmonary 
function data, and the success rates of puU 
monary function testing, arc described in this 
report. 

Statistical analyses were performed by sub¬ 
programs in the Statistical Package for the 
Social Sciences (21) The difference between 
sample means was tested for significance by 
subprogram / test for paired samples. Pear¬ 
son's product-moment correlation coefficient; 
as a measure of association of 2 independent 
variables, was computed by subprogram scat- 
tergrami Hypothesis tests were all two-tailed. 

Raautta 

Characteristics of Cohort 
The number who were eligible for test¬ 
ing in each year of the study is shown 
in table 2. To be eligible, the child could 


characteristics of sample tested 



YMr 1 

Y*ir 2 

Ymt 3 

t ft ) 

w 

<") 

m 

<") <*) 

Ml* 

i,en 

515 

1.788 

51.4 

1513 615 

Fpma* 

1,520 


1,870 


1,436 

CAucaaian 

2.876 

815 

3,161 

rua 

2.723 92.3 

Non-Csucaaian 

255 


278 


226 

Tout 

3.131 


3.438 


2,848 


TABLE 4 

PREVALENCE OF DOMESTIC FACTORS BY AREA OF CfTY: YEAR 2* * 


WU 

EU 

WL 

EL 

1C 

Numb* 

928 

978 

741 

•63 

242 

Mott** tmoka 

37.3 

425 

42^ 

485 

•0.1, 

Fath* amoka 

383 

434 

435 

505 

•15 

Motti* oough 

15.7 

15.0 

17.8 

175 

285 

Fath* cough 

22 1 

264 

26.1 

25.6 

404 

Gas cooking. 

83 

83 

28 7 

156 

434 

Bhar* worn with 2 or mor* 

23 

36 

75 

7.0 

88 

Incomp tp«s than SlDk/yr 

15.8 

115 

20.7 

15.6 

25.9 

Loss than 2 yr ai prpaant abdrass 

224 

190 

28.2 

25.6 

34 4 


Fo* dwftnJnon of abtowhom, tm tab* 1. 

* V«Ium art panowuaga* Data mawng on 36 aubjacte 


not have attained his or her eleventh 
birthday before I>tcembcr 31, 1978. This 
table also shows the interview comple¬ 
tion rate obtained in each year. The rate, 
which was above 95 for each year, is 
considered acceptable. In addition, the 
percentage giving consent for the pulmo¬ 
nary function testing was virtually iden¬ 
tical to that giving consent for interview. 
There was, however^ a degree of attrition 
after consent was given for pulmonary 
function testing, before the test was per¬ 
formed. The major reason for this was 
the child having moved from a testing 
school into a nontesting school during 
the time between consent and testing. 
This attrition was less in Years 2 and 3. 

An important feature of the study was 


the ability to follow the initial cohort into 
the second and third years of the study. 
The particular importance of this is the 
ability to measure changes in pulmonary 
function variables as the child grows. It 
is possible that the rate of change of a 
particular pulmonary function variable 
might be a more sensitive outcome meas¬ 
ure than the use of a single point esti¬ 
mate The number of children with pul¬ 
monary function testing in Year 1 who 
were tested in Years 2 and 3 (approxi¬ 
mately 75 of the original cohort) is 
shown in figure 2. The figure also shows 
the number of children added in Year 2 
and how many of these were followed into 
Year 3. The characteristics of the chil¬ 
dren at the time of pulmonary function 


table s 

PREVALENCE OF SMOKING* 





• 

• 

10 

11 

12 

13 

ToUl 

Any history of amokingf 

Ym 

No 

0(0) 

3 

57 (lV.8) 

425 

175 (18.1) 
781 

250 (26.3) 

934 

188 (37.6) 
310 

37(50.0) 

37 

707 P4.3): 
2500 

Tour 

3 

482 

866 

984 

496 

74 

2.807 

Smoking In last 4 wkt 

Yp* 

No 


*06) 

53 

28 (16 4) 
143 

41 (17.0) 
200 

66 (30.8) 
126 

12(32 4): 
25 

138 (20.3) 
547 

Tout 


55 

171 

241 

192 

37 

886 


* Vim* ar» Nqurty paramagat * pi mUhmm 
t Mtang Ofeaf»PlM», 1H 

* I Mi mg ctm notions. 31 
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TABLE 6 

REPEAT ABILITY Of RESPIRATORY SYMPTOM QUESTIONS 


Ouashort 

Ran* Agraamant 

Chanca-Con-actad 

Agraamani 

<**ppt) 

Cough in morning 

0.92 

0* 

Cough dunng day or nighf 

0.80 

0* 

Ch#*3 rhaory or whtstlmg 

0 80 

0.53 

Asthma in previous 12 months 

^0.96 

0.76 

CoW goss to chast usually 

Cough and phWgm lor 3 wk 

*1.0 

IX ** 

in petrous 12 months 

Absanca from school tor 1 wk or mora 

0.96 

o- 

in prarous 12 months 

10 

1.0 
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testing in each of the 3 yr are shown in 
table 3. There is a slight excess of males 
over females in each year, and the pre- 
dominant Caucasian ethnic characteris¬ 
tic of the sample is to be noted. 

Previous studies have shown that cer¬ 
tain factors other than outdoor air qual¬ 
ity can be related to the incidence or prev¬ 
alence of childhood respiratory disease 
(7,10,13). The distribution of these fac¬ 
tors in each of the 4 original quadrants, 
and also in the additional group of 
schools in the industrial core that were 
added in Year 2, are shown in table 4. 
In this table, a smoker is one who smokes 

1 or more cigarettes or cigars per day. The 
percentage with cough includes those 
with a positive answer to either of the 
questions: “Do you usually cough in the 
morning?" or “Do you usually cough 
during the day or night?" To simplify the 
presentation, only the results from Year 

2 are shown. However, those from Years 
1 and 3 are similar. 'Hie prevalence of 
these factors varied across the city and 
was highest in the industrial area, where 
the level of TSP was also the highest (ta¬ 
ble 1). A further, potentially confound¬ 
ing covariable was the prevalence of 
smoking by the children themselves. Be¬ 
cause the age interval in the first year was 
between 7 and 10 yr of age, we did not 
expect to find many smokers. However, 
by the third year of the study, it might 
be expected that some of the older chil¬ 
dren would have commenced regular 
smoking. We therefore administered a 
smoking questionnaire to the children at 
the time of pulmonary function testing. 
The number of children in each age group 
who stated that they had smoked at least 
1 cigarette in the last 4 wk is shown in 
table 5. 

Quality Control 

The repeatability of the respiratory symp¬ 
tom questions is shown in table 6, which 


details the agreement statistics for each 
of these questions, both in terms of raw 
agreement and of chance-corrected 
agreement (Kappa). In certain cases, 
Kappa was an unreliable estimate of 
chance-corrected agreement, because one 
marginal of the 2 x 2 table from which 
the Kappa was to be computed was zero. 
Kappa ranged from a substantial level of 
0.56 to an excellent level of 1.0. The per¬ 


centage of missing values by team for 
variables derived from the 4 pulmonary 
function maneuvers is shown in table 7. 
The values are shown for Year 1. The 
commonest reason for a pulmonary 
function value to be missing was that the 
child could not meet the required criteria 
for test acceptance: These results, there¬ 
fore, give a comparison of ability of the 
2 teams in obtaining successful tests for 
each test in each age group. The repeata¬ 
bilities of the lung function measure¬ 
ments in Years I and 2 of the study are 
shown in tables 8 and 9. There were small 
but significant differences for several of 
the measurements (FVC, MEF», MEF T *. 
MET, and VC) in Year I and to a larger 
extent in Year 2. The results for Year 3 
are not displayed for sake of brevity, but 
they showed no significant differences. 
The product-moment correlation coeffi¬ 
cients for certain'of these variables are 
shown in table 10 for Year 1. These range 
from 0.97 for FVC to 0.14 for CV/VC. 
The reproducibility of these tests might 
have been affected by the presence of a 
respiratory infection during either the ini- 


TABLE 7 

PERCENTAGE OF MISSING VALUES BY TEAM: YEAR 1 
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Vansbla 

Taam 

e 

7 

6 

9 

10 

IT 

Total 

FVC 

A 

0.0 

1.0 

0.4 

2.1 

0.3 

26 

1.0 


B 

00 

3.3 

1.6 

1.3 

0.9 

34 

1.8 

VC 

A 

33 3 

12.5 

51 

7,5 

1.0 

0.0 

64 


B 

33 3 

11.5 

54 

24 

18 

34 

5.1 

FRC 

A 

16 7 

56 

39 

4.8 

1.0 

0 0 

39 


B 

16.7 

10.4 

50 

15 

1.3 

34 

4.4 

CV 

A 

667 

49 0 

266 

238 

126 

5 1 

27 7 


B 

333 

37 4 

24a 

14 3 

9.0 

207 

21 a 

N, dtftaranc* 

A 

66.7 

493 

286 

236 

126 

5.1 

279 


B 

333 

36.5 

242 

14.0 

00 

20.7 

21.3 

ChiJdran laHad. n 

A 

e 

304 

532 

460 

266 

39 

1.647 


B 

e 

270 

601 

466 
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29 

1.465 
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TABLE 9 

REPEAT ABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 1 


p Valua 


VariaNs 

n 

Msan 

SO 

Maan 

SO 

f V alut 

(2-ta4ad) 

FVC 

216 

2.04 

041 

2.07 

041 

-3 96 

< 0.001 

FEV, 

216 

1.67 

0.31 

1.66 

0.31 

133 

0190 

MEF W 

215 

233 

0.62 

2.14 

0.59 

3 57 

< 0 001 

MEF„ 

211 

0.99 

030 

094 

0.32 

345 

0001 

MET 

215 

057 

0 17 

0 59 

0 16 

• 3 13 

0 002 

VC 

220 

2.05 

0.41 

206 

040 

- 3 30 

0.001 

FRC 

210' 

1.19 

0.31 

1.18 

0.29 

013 

0895 

CVA/C 

166 

0.134 

0.09 

0.12 

0.078 

1 42 

0 158 


160 

1.04 

0.66 

1.03 

0.52 

0 13 

0 900 

OaMw of a 
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TABLE 9 


REPEATABILITY OP LUNG FUNCTION MEASUREMENTS YEAR 2 


VanaW* 

n 

Initial 

Rapaat 

rva)4* 

p Vale# 
(2-Uilatf) 

Maan 

SD 

Maan 

BD 

FVC 

256 

2.37 

047 

2.35 

0.61 

224 

0.026 

FEV, 

256 

i.«r 

036 

1.66 

0.39 

266 

0.006 

MEF* 

254 

2A6 

0 63 

239 

0 66 

264 

0009 

MEF„ 

254 

1 05 

034 

7.03 

0-35 

149 

0.138 

MET 

256 

0.59 

0 16 

060 

0.19 

-1.79 

075 

VC 

255 

239 

0 47 

2.36 

0 49 

2.37, 

0.019 

FRC 

253 

1.32 

0.33 

V31 

0 34 

0.37 

0713 

cvr/c 

226 

0.12 

0.06 

012 

0.09 

-013 

0.697 

N^ifl 

226 

068 

0.50 

0.65 

044 

1.35 

0178 
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rial or the repeat test. The repeatabilities 
of the lung function measurements were 
therefore reanalyzed, omitting from the 
analysis any test during which the pres¬ 
ence of an upper or lower respiratory in¬ 
fection had been recorded: The results 
from this analysis are shown in table 11. 
Comparison with table 9 does not 1 indi¬ 
cate that the reproducibility, of the test 
was improved by the exclusion of current 
respiratory infections. In addition, for no 
variable was the product-moment corre¬ 
lation coefficient changed by the exclu¬ 
sion of respiratory infections. 


Ditcuaslon 

This report outlines the background to 
the study that has been undertaken, the 
design of this study; and the methods that 
were used, and it describes the sample 
that was studied, both in terms of its 
characteristics and also in terms of im¬ 
portant covariables. The design of the 
study was innovative in selecting schools 
within each of 4 quadrants of the city 
in expectation that these areas would 
show different levels of air quality. How¬ 
ever, the area of the city with TSP levels 
greater than 60 pg/m J annual geometric 
mean was underrepresented when the air 
quality results from the first year were 
analyzed. This required the addition of 


3 schools in the industrial core in the sec¬ 
ond year to achieve a gradient of air qual¬ 
ity that one might expect to show an ef¬ 
fect on the child’s respiratory health. 
Financial constraints often dictate that 
air quality monitoring is done at the same 
time as the measurements of respiratory 
disease outcomes in children or in adults. 
However, without detailed prior infor¬ 
mation about the distribution of hir qual¬ 
ity gradients, modification of the design 
may be required during the course of the 
study, with the increased difficulty this 
might give in the analysis of the results. 
Random selection of schools within each 
quadrant was performed for this health 
study in the first year but not with the 
additional (schools in the second year, be¬ 
cause all the schools in the industrial core 
(that is, the area of highest particulate 
levels) were chosen for inclusion in the 
study. 

The cooperation obtained from the 
Board of Education for the City of 
Hamilton and the parents of the children 
was excellent. We feel that the response 
rate in excess of 95% obtained in each 
year enables us to extrapolate any con¬ 
clusions from the sample chosen to the 
total population of children at risk. 

It was not surprising to find that the 


distribution of covariables, which might 
influence the child’s respiratory health; 
was not uniform across the city. In the 
examination of the relationship between 
levels of air pollutants and respiratory 
health, it is very important that any con¬ 
founding effect of covariables be distin¬ 
guished from the effect of air pollution 
itself. We have shown that the industrial 
area, which has the highest level ofTSP, 
has also the highest prevalence of domes¬ 
tic smoking, parental respiratory symp¬ 
toms, and gas cooking (22). 

A further important consideration in 
the study of the effect of air quality on 
respiratory health is the previous mobil¬ 
ity of the sample being studied. As table 
4 shows, the proportion of children who 
had lived at their present address for less 
than 2 yT varied from 34:4% in the in¬ 
dustrial core to 19.0% on the eastern part 
of the mountain. This difference would 
also have to be taken into account in any 
analysis of these results. 

Cigarette smoking by the children 
themselves also becomes important in 
this particular age group as it can lead 
to respiratory disease. Tager and cowork¬ 
ers (23) showed that children’s smoking 
habits must be taken into account when 
looking at any putative effect of parent 
tal smoking. Direct validation of the es¬ 
timates of smoking obtained from our 
smoking questionnaire was not per¬ 
formed. However, the percentage of chil¬ 
dren admitting to smoking in the previ¬ 
ous 4 wk does increase in the expected 
direction with increasing age In addition, 
these data are comparable to those ob¬ 
tained by Brown and colleagues (24) in 
their survey of smoking habits in Cana¬ 
dian school children: We are therefore 
confident that these results do reflect the 
smoking habits of the children. However,, 
the rate of 4.8% who had smoked in the 
previous 4 wk is unlikely to affect the in¬ 
terpretation of the results. 


TABLE 17 


TABLE 10 

PROOUCT-MOMENT CORRELATION 
COEFFICIENT OF INITIAL AND REPEAT 
ESTIMATES OF PULMONARY 
FUNCTION VARIABLES 



Yaar 1 

Yaar 2 

FVC 

0.97 

0.66 

FEV, 

0.94 

063 

MEF„ 
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MET 

0.72 

0.61 

RV 
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REPEATABILITY OF LUNG FUNCTION MEASUREMENTS 
RESPIRATORY INFECTIONS EXCLUDED YEAR T 
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The results of a number of quality con- 
. trol procedures were part of the study. 
The repeatability of the respiratory symp¬ 
tom questions was estimated only when 
those particular questions were asked 
from the randomly chosen question¬ 
naires. We thought it important to com¬ 
pute chance-corrected agreement (Kap¬ 
pa), because the raw agreement, when the 
prevalence of a particular symptom is 
low, may give a false impression of good 
agreement, when in fact most of the 
agreement is due to chance alone. For 3 
cases. Kappa could not be computed: On 
the other hand, by the criterion of Landis 
and Koch (25), agreement was substan¬ 
tial or better for the questions on asthma, 
colds to chest, and absence from school 
for more than 1 wk with a chest illness. 
It was only slightly less than substantial 
for the question on wheezing or whis¬ 
tling in the chest. 

The ability of young children to per¬ 
form pulmonary function maneuvers is 
shown in table 7. The forced expired ma¬ 
neuver was the one most successfully per¬ 
formed. In the older age groups, slow 
spirometry and the multiple-breath nitro¬ 
gen washout were equally wtH per¬ 
formed. In contrast, the single-breath 
nitrogen washout had a failure rate in ex¬ 
cess of 20^b. This lack of success for 
this particular test did not improve in 
Year 2 and it has been our experience that 
the single-breath nitrogen washout test 
is a difficult maneuver to employ in 
large scale epidemiologic monitoring in 
children. 

In tables 8 and 9, it can be seen that 
in Years 1 and 2 there were small but sig¬ 
nificant differences between the initial 
and repeat estimates of a number of the 
pulmonary function variables that were 
not due to the presence of a respiratory 
infection; The dif ferences were not found 
to be significant, however, in Year 3. No 
significant differences were found be¬ 
tween the initial and repeat estimates for 
the variables derived from the multiple- 
and single-breath nitrogen washout 
maneuvers. However, for these variables, 
the coefficient of variation was much 
treater than for the variables derived 
from the forced expired maneuver, and 
therefore the analysis was less powerful 
in being able to demonstrate a difference 
if one really existed. An additional meas¬ 
ure of association, the correlation coeffi¬ 
cient, was high for the variables (FEV, 
and FVC) derived from the forced expired 
maneuver, but was much less for those 
variables derived from the single-breath 
nitrogen washout. This low correlation 
reduces considerably the usefulness of 


the single-breath nitrogen washout test 
because the amount of random variation 
may well obscure any true difference be¬ 
tween samples. 

In conclusion, we have described the 
design and execution of a study of the ef¬ 
fects of environmental factors on the res¬ 
piratory health of children within a sin¬ 
gle city. The random selection and high 
response rate have ensured that* the sam- 
pie is characteristic of the population of 
interest in the city. The accurate estima¬ 
tion of pollution exposure has required 
a more comprehensive network of air 
quality monitors than would normally 
be employed in a single city. The non- 
uniform distribution within the city of 
covariables, such as parental smoking 
and cough, has implications for the de¬ 
tection of the effects of suspended par¬ 
ticulates and S0 2 , especially when those 
effects are likely to be small at current 
levels of these pollutants. If present, these 
effects are only likely to be detected with 
samples as large as the one that we have 
studied. 

Pulmonary function testing, even in 
the youngest of children, had a high rate 
of success with the exception of the 
single-breath nitrogen washout. We were 
disappointed with the lower rate of suc¬ 
cess of this test, its greater degree of varia¬ 
bility, and its lack of reproducibility. For 
these reasons, it was omitted from the 
Year 3 testing; we feel that its place in 
large scale epidemiologic testing has not 
been justified. 
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ABSTRACT: The relationship between croup and the presence 
of household cigarette consumption was assessed in a matched-pair 
case control study. Fifty subjects with a primary hospital 
discharge diagnosis of croup were paired with children with a 
primary hospital discharge diagnosis of abdominal hernia. The 
results yielded an estimated relative risk of 0.82. The power of 
this study to detect a relative risk of 2.0 was 38%. This study 
fails to show a relationship between passive smoking and croup in 
early childhood. 
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Passive Smoking and Croup 
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• The relationship between croup end 
the presence of household cigarette con¬ 
sumption was assessed in a matched*pair 
case control study. Fifty subjects with a 
primary hospital discharge diagnosis of 
croup wars paired with children with a 
primary hospital discharge diagnosis of 
abdominal harnla. The results yielded an 
estimated relative risk of 0.82. The power 
of this study to detect s relative risk of 2.0 
was 38%. This study falls to show a 
relationship between passive smoking 
and croup In aarty childhood. 

(Arch Otolsryngot ftfiarf Wee * Svrg 
1,907; 113:868-888) 


T he deleterious effects of cigarette 
smoking on health are well estab¬ 
lished. The health effects of passive 
smoking remain a more controversial 
topic. .Passive smoking is the involun¬ 
tary exposure of tobacco combustion 
products to nonsmokers from the 
smoking of others. The small child is 
particularly vulnerable to passive 
smoking exposure from household 
members. There are many studies in 
the literature linking parental ciga¬ 
rette smoking to respiratory tract 
infections in children. Studies about 
the effects of passive cigarette smok¬ 
ing in children have shown the follow¬ 
ing: (1) increased frequency of lower 
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respiratory tract infections, especially 
bronchitis and pneumonia, in infants 
younger than 1 year* 1 ; (2) increased 
respiratory syncytial virus infection* 5 ; 
(3) exacerbation and increased risk of 
asthma and the atopic state* 4 ; and (4) 
reduced lung function in older chil^ 
dren detected through spirometry’* 11 

The relationship between parental 
smoking and croup has not received 
much attention in the literature. 
Lebowitz and Burrows 11 reported that 
there was no significant difference in 
the prevalence rate of croup (as well 
as bronchiolitis and pneumonia) 
between children of smokers and 
nonsmokers; however, no data were 
presented! Gardner et al 15 alho found 
no association between croup and 
parental smoking. Their data only 
mention the total number of episodes 
of croup in a group of children with 
parents who smoke compared with the 
total number of episodes of croup in a 
group of children with parents who do 
not smoke. The data do not reveal 
what percentage of each group of chil¬ 
dren suffered from croup. 

There have been studies linking 
maternal smoking to the atopic state 
in children* and exacerbating asthma 
in children • Because spasmodic croup, 
a common form, may be associated 
with an allergic state,** 15 it may also 
be influenced by passive smoking The 
risk for viral and spasmodic croup 
may increase with parental smoking. 
Respiratory syncytial virus infection 
was linked to parental smoking in 
several studies. 5 * Respiratory syncy¬ 
tial virus accounts for up to 12% of 


viral croup cases in some investigt.1 
tions. 1 * 4 

Although there were several j 
studies 15 * 15 that found no relationship I 
between parental smoking and croup, 
these studies either presented no data 
or questionable data. The following 
study is done to demonstrate whether 
a relationship between passive smok¬ 
ing and croup exists. 

SUBJECTS ANO METHODS 

The population undentudy consisted of 
children younger than 5 years who were 
discharged from the Mount Sinai Hospital 
in New York City between 1979 and 1985. 
The majority of the patients (58% of the 
study population) are black and Hispanic 
and from lower socioeconomic classes. 

A matched-pair case control study was 
done. Telephone numbers were obtained 
from the medical charts of patients in the 
urget population who had primary hospi¬ 
tal discharge diagnosis of croup or abdom¬ 
inal hernia. Data were then collected 
through telephone interviews. Date from 
croup subjects were collected first and 
then appropriate hernia subjects were cho¬ 
sen to obtain matched pairs Criteria for 
match-pair selection were as follows; (1) 
same ethnic group (white, black, or His¬ 
panic), (2) hospital admission dates within 
one year of each other, and (3) age (either 
younger or older than 1 year). Ethnic 
group was controlled because of the differ¬ 
ent prevalence rates of smoking among 
these different groups (whites less than 
blacks and Hispanics). All 50 pairs fell into 
one of these three different groups. Hospi¬ 
tal admission dates were controlled since 
the overall prevalence of smoking in the 
population decreased between 1979 and 
1985. One croup subject could not be 
matched with this criterion and was subee- 
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questly matched with a hernit subject 
admitted 18 month* later rather than 
within 12 month*. Age wa* al*o used a* a 
criterion became many studies' * have only 
shown a relationship between pa**ive 
tmoking and respiratory illnea»e* in chil¬ 
dren younger than 1 year. 

The mother of the subject was sought for 
the telephone interview but if not avail¬ 
able, information was taken from a house- 
hold member. The queation* asked were aa 
follows: (1) Who took care of the child in 
the months preceding the hospitalization? 
(?) Who smoked cigarettes during this 
time? (3) In which ethnic group do the 
parents consider the child? 

Only cigarette smoking was included. 
Question* about pipe, cigar, and recre¬ 
ational smoking were not asked, although 
these may be important contributing fac¬ 
tors. 

There were 169 children younger than 5 
years with a primary hospital discharge 
diagnosis of croup between 1979 and June 
1985. Alii of these chart* were requested 
and 147: of these were received from the 
Medical Record* Department. One hun¬ 
dred twenty-four of these chart* contained 
telephone numbers; 65 of these number* 
were either wrong or disconnected. No 
answer was obtained with eight after call¬ 
ing between five and ten limes at different 
time* of different day*. Fifty-one house¬ 
hold* were reached by telephone. One 
refused to participate, leaving a sample 
aize of 50 subject*. 

The target population consisted of 370 
children with a primary hospital discharge 
diagnosis of abdominal hernia. Our request 
for all of these charts produced 312. Two 
hundred sixty-five had telephone numbers. 
Date of hospital admission and age were 
the two criteria used in determining which 
hernia subject would be used when more 
than one appropriate case was available. 
The closest matched subjects for these two 
criteria were called first. One hundred 
twelve hernia subjects needed to be called 
to obtain the 50 matched subjects. There 
were 61 wrong or disconnected numbers 
and one no answer. 

RESULTS 

Each subject was first classified as 
either living in a home with at least 
one cigarette smoker or living with no 
cigarette smokers. The 50 matched 
pairs fall into the categories as shown 
below: 

Crmtf 


Hermit Satokm No Smokm 

Smokers 15 11 

No smokers 9 15 


There are actually more pairs with 
the croup subjects in the homes with 
so smokers and hernia subjects in the 
homes with smokers than the con¬ 
verse. The estimated odds ratio is less 
than one (9/11 or 0.82), which is not 
tignificant (x 3 “ 0.80 and must be 
greater than 3.841 when o - .05). 
Since there are only 20 discordant 
pairs among the 50 pairs shown, the 
power of this study to detect a twofold 
increased risk is only 38%, A 2.0 rela¬ 
tive risk is approximately the 
increased risk found in most studies 11 
linking parental cigarette smoking to 
bronchitis and pneumonia in children; 
although the most recent Surgeon 
General’s report states that children 
of smokers had a 20% to 80% greater 
risk of respiratory problems than oth¬ 
er children.” Therefore, the power of 
this study may even be less than 
38%. 

The literature* has shown the effect 
of maternal smoking as more impor¬ 
tant than parental tmoking in 
increasing the risk for respiratory ill¬ 
nesses in children. This requires 
investigation of maternal smoking as 
an isolated factor. These results are 
shown in the following; 

Croup 


Ms terms! Mstrrmsl 
Menus Saoken Nouswo ktn 

Maternal 

smokers 5 12 

Maternal 

nonsmokers 8 25 

Once again we see more pairs with 
maternal smokers for patients with 
hernia and maternal nonsmokers for 
patients with croup than the converse. 
The estimated odds ratio equals 0.67; 

Many studies' * show only children 
younger than 1 year at an increased 
risk for developing a respiratory ill- 
nets from passive smoking. Therefore, 
children younger than 1 year are cate¬ 
gorised separately. The results are 
shown below: 

Ciwp 

* 11 

Hcrmi* Smokm No Sato ktn 

Smokers 5 5 

No smokers 2 7 

Nineteen pairs contained children 
younger than 1 year. We again have 
an estimated odds ratio of less than 
one (0.40). 


The following shows the results 
when only maternal smoking is exam¬ 
ined with children younger than 1 
year. The estimated odds ratio is 
exactly 1. 

Crs-e 


Ms i trust Material 

Benia S moktn Hkmmoktt 

Maternal 

smokers 2 3 

Maternal 

nonsmokers 8 11 

Each interviewee was also asked 
who took care of the child during the 
day in the months preceding the hos- 
pitalixation. This was asked because 
this person probably had the greatest 
contact with the child and this person 
was sometimes not the mother. The 
following shows the results when the 
smoking history of this caretaker is 
examined separately. The estimated 
odds ratio is less than 1 (0.90), 

Craap 


Hernia Saoken Ns—n ken 

Smokers 3 10 

Nonsmokers 9 28 

The following shows the results^ 
when the smoking history of the care¬ 
takers and only children younger than 
1 year are examined. 

Croup 


Hernia Saoken Nanaaoken 

Smokers 1 3 

Nonsmokers 4 11 

The estimated odds ratio is 4/3 or 133 
The difference is not significant. 

COMMENT 

Data do not support the hypothesis 
that passive cigarette smoking in¬ 
creases the risk for croup in young 
children. The powtr of this study does 
Indicate that the study population 
may not have been large enough. 
When we examine the 50 pairs of 
subjects, there were only 20 discor¬ 
dant pain in the analysis involving 
the presence of household smokers. 
This dots not furnish sufficient static 
tical power for this study. Most 
studies” finding an association 
between parental smoking and bron¬ 
chitis and pneumonia only found 
about a twofold increaaed risk. If the 
risk for croup is increased by parental 
tmoking, then the increased risk is 
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probably about twofold aa it it for 
bronchitis and pneumonia. We need 
55 discordant pairs to achieve a statis¬ 
tical power of 80%. The statistical 
power is only 38% with 20 discordant 
pairs. 

Another limitation of this stodgla 
that the target population' my 
includes children who were hdfpitaJ- 


bed for croup) Because croup is pre¬ 
dominantly an outpatient disease, the 
population under study may not be a 
representative aample of children 
afflicted with croup. 

The literature " 1 has shown that 
parental smoking can adversely affect 
the health of children. Although this 
study does not support the hypothesis 


that passive smoking increases the 
risk for croup, the power of this studjg 
is too small to draw conclusion 4 
larger study is warranted. 

This study «u submitted aa partial 

me et of the clerkship requirement is Coaattihy 1 

Msdirin* while Dr Saliman wu a third-?*, » 
medical student at Lb* Moral Sinai School * 
Madid**. Now York. 1 
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tures and some limitations regarding sur¬ 
vey research of this type. 

One of the disappointing aspects of the 
report is the absence of data regarding the 
amount of amoking activity to which the 
child was exposed. Other reports dealing 
with the direct effect of smoking on indi¬ 
viduals have been careful to include quan¬ 
titative information describing the amount 
of smoking that has occurred. If one is 
investigating a particular cause-and-effect 
relationship, the dosage (number of ciga¬ 
rettes smoked) of the supposed causative 
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Editorial Footnote 

factor is a central issue to validity and 
reliability as on* deals with conclusions 
regarding the effects. 

Even though this particular report con¬ 
tributes no valid scientific information 
concerning the risk of passive smoking, the 
authors have introduced a research meth¬ 
odology that; under appropriate circum¬ 
stances, has the capability of detecting 
such effects. The authors certainly did the 
right thing, but, unfortunately, the limits 
of the study did not result in a definitive 
outcome from the sample that was used. 
The ultimate purpose of this study was to 
demonstrate whether a relationship exists 
between passive smoking and croup. The 
results permit no accurate determination 
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of the strength of this relationship. The 
Surgeon General's office now reports a 
definite association betwlen passive smok¬ 
ing and respiratory disease in infanta. If 
my understanding of the Surgeon Gener¬ 
al’s report is correct; then I suggest that 
the authors are accurate when they pro¬ 
pose that a broader study should definitely 
be designed and funded Having said all of 
this about the shortcomings of the study, 1 
hasten to congratulate the authors for 
having undertaken such a difficult task 
and for having accomplished as much as 
possible within the limitations of their 
resources. 

Byron J. Bailey, MD 
Chief Editor 
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Fleming, D.W., Cochi, S.L., Hightower, A.W., Broome, C.V. "Childhood 
Upper Respiratory Tract Infections: To What Degree Is Incidence 
Affected by Day-Care Attendance?" Pediatrics 79(1):55-60, 1987. 

ABSTRACT: Risk factors for acute upper respiratory tract 
disease in childhood were evaluated in a population-based sample 
of the Atlanta metropolitan area. Mothers from 449 households 
containing 575 children less than 5 years of age were selected by 
random-digit dialing and questioned about upper respiratory tract 
infection and ear infection occurring in their children during 
the preceding 2 weeks. Household demographic and socioeconomic 
characteristics, maternal smoking history and child day-care 
attendance and breast-feeding information were also obtained. For 
children less than 5 years of age, the reported incidence of upper 
respiratory tract infection was 24%, and of ear infection, 6%. 
Controlling for the other variables measured, day-care attendance 
was associated with a significantly increased risk of both 
illnesses. For upper respiratory tract infection, increased risk 
was present for all children attending daycare (P = .02, odds ratio 
= 1.6), whereas for ear infection, risk could be demonstrated 1 only 
for full-time attendees (P = .005, odds ratio = 3.8). Maternal 
smoking was a second independent risk factor for a child's having 
upper respiratory tract infection (odds ratio = 1.7, P = .01). 
Thirty-one percent of all upper respiratory tract infection among 
day-care attendees and 66% of all ear infections among full-time 
day-care attendees were attributable to day-care attendance. Given 
the proportion of children in day-care, 9% to 14% of the total 
burden of upper respiratory tract disease in this population' was 
day care related. As use of child day-care facilities has 
increased 1 , this specific exposure has become a major factor 
contributing to transmission of acute upper respiratory tract 
disease in childhood. 
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ABSTRACT. Risk factors for acute upper respiratory tract 
disease in childhood were evaluated in a population-based 
sample of the Atlanta metropolitan area. Mothers from 
449 households containing 575 children leas than 5 years 
of age were selected by random-digit dialing and ques¬ 
tioned about upper respiratory tract infection and ear 
infection occurring in their children during the preceding 
2 weeks. Household demographic and socioeconomic 
characteristics, maternal smoking history and child day¬ 
care attendance and breast-feeding information were also 
obtained For children less than 5 years of age, the 
reported incidence of upper respiratory tract infection 
was 24%, and of ear infection, €%. Controlling for the 
other variables measured day-care attendance was asso¬ 
ciated with ■ significantly increased risk of both illnesses. 
For upper respiratory tract infection, increased risk was 
present for all children attending day care {P - .02, odds 
ratio * 1.6), whereas for ear infection, risk could be 
demonstrated only for full-time attendees (P ■ .005, odds 
ratio - 3.8). Maternal smoking was a second independent, 
risk factor for a child's having^upper respiratory tract 
infection (odds ratio » 1.7, P w^Ol), Thirty-one percent 
of all upper respiratory tract infection among day-care 
attendees and 66% of all ear infections among full-time 
day-care attendees were attributable to day-care attend¬ 
ance. Given the proportion of children in day care, 9% to 
14% of the total burden of upper respiratory tract disease 
in this population was day care related As use of child 
day-care facilities has increased, this specific exposure 
has become a major factor contributing to transmission 
of acute upper respiratory tract disease in childhood 
Pediatrics 1987;79:55-60; upper respiratory tract infec¬ 
tion, day-cart attendance. 


Infections of the upper respiratory system are the 
most common illnesses affecting children lets than 
5 years of age in the developed world Although 
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these illnesses, including acute upper respiratory 
tract infection and otitis media, may occasionally 
progress to more severe disease, most often they 
are self-limited. Despite their relatively benign na¬ 
ture, however, upper respiratory tract infectious 
illnesses are important causes of childhood morbid¬ 
ity, and their treatment consumes a substantial 
portion of available health care resources. 1 

During the past decade, it has been demonstrated 
that risk of a number of childhood infections, in¬ 
cluding hepatitis , 3 diarrheal diseases , 3 and invasive 
Haemophilus influenzae * is increased by day-care 
attendance. During this same time, the number of 
children younger than 5 years of age in the United 
States who are enrolled in day care has undergone 
a dramatic increase.* AJ though several studies have 
suggested that the risk of upper respiratory tract 
disease may be increased for tome day-care at¬ 
tendees,'•"* the importance of this association has 
not been well defined. 

In this study, we examined risk factors for acqui¬ 
sition of infections of the upper respiratory system 
in children less than 5 years of age and specifically 
evaluated the role played by day-care attendance. 
Using population-based data, we determined the 
amount of illness attributable to this increasingly 
common childhood exposure. 

METHODS 

A cross section of all households containing chil¬ 
dren less than 5 years of age in Atlanta was sur¬ 
veyed by telephone from mid-July through mid- 
September 1984. 

Sampling Procedure 

Telephone numbers consisting of prefixes serving 
the study area and four randomly selected final 
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digits were generated by computer. Every possible 
telephone number in the seven counties composing 
the metropolitan area (population 1.9 million) had 
an equal likelihood of being selected and called; no 
call-clustering techniques were used. Each number 
selected was called at least twice during business 
hours and at least six times during evenings and 
weekends before being discarded; Only households 
with children less than 5 years of age were enrolled. 

Questionnaire Administration 

Using a standardized questionnaire, trained in¬ 
terviewers obtained informed consent and then col¬ 
lected information from the guardian of the chil¬ 
dren in the household, preferably the mother. Data 
obtained included household demographic and so¬ 
cioeconomic characteristics, current maternal 
smoking history, and current breast-feeding and 
day-care attendance information for all children 
less than 5 years of age. All children within a given 
household were enrolled to ensure that our sample 
accurately represented all children in the study area 
with respect to household size and other related 
characteristics. A 15% sample of completed ques¬ 
tionnaires was validated with a follow-up telephone 
call; no child’s illness or day-care status was reclas¬ 
sified as a result of these calls. 

Definitions 

History of recent acute respiratory infection 
(cough, cold, or ear infection) was obtained directly 
from the child’s guardian. 6 - 7 - 9 Because independent 
physician confirmation of illness was not required, 
we have used the term “ear infection” rather than 
otitis media to denote parental reported cases of 
infections of the ear. Criteria including antibiotic 
administration and physician visit were used if 
respondents needed clarification. We did not at¬ 
tempt to identify specific etiologic agents. Incidence 
of disease rather than duration of symptoms was 
assessed To limit interviewer and respondent bias, 
illness history was elicited before parents were 
asked about day-care attendance. Children were 
considered case children if they had been ill with 
upper respiratory tract infection or ear infection at 
any time during the 2 weeks before the interview 
was conducted Day care was defined as regular (>4 
h/wk) supervised care of at least two unrelated 
children. Each child’s day-care status was deter¬ 
mined individually, based on enrollment at the time 
of interview. Part-time enrollment was defined as 
five to 39 hours’ attendance per week and full-time 
as 40 or more hours per week. 

Analysis 

Two analyses of risk factors were undertaken. 
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one for children reported to have upper respiratory 
tract infection and the other for children reported: 
to have ear infection. An automatic interaction 
detection program was used to assist in selection of 
variables for inclusion in an unconditional logistic 
regression model. Only associations that were bio¬ 
logically plausible were considered. We did not at¬ 
tempt to analyze or control for transmission of 
illness within households because we could not 
distinguish between primary and secondary cases. 
The number of children younger than 5 years in 
the household^ a variable included in the model; 
may serve as a surrogate for intr&familiali spread. 
Final models were obtained by first putting all 
candidate variables into the model and then elimi¬ 
nating any variable that was not significant and 
whose elimination did not alter the odds ratio es¬ 
timates of significant variables by more than 15%. 
Etiologic fractions among exposed groups (EFe) 
were calculated by the formula: EFe - (probability 
of disease in exposed - probability of disease in 
unexposed)/(probability of disease in exposed) and 
were standardized for the entire population by 
weighting the values from individual strata accord¬ 
ing to the percentage of the population represented 
by that strata. The disease probabilities used were 
those determined by the regression model 

RESULTS 

A total of 3+952 households in the study area were 
surveyed. Of these, 3,387 contained no children 
younger than 5 years, 78 were unwilling to answer 
whether children were present and 487 contained 
at least one young child. Of these latter households, 
complete interviews were obtained for 449 (92%). 
Twenty-six percent of households (118) contained 
more than one child, and information regarding 
illness was collected for 575 children. 

Upper Respiratory Tract Infection 

Twenty-four percent of the children surveyed 
(139/575) were reported to have had an upper res¬ 
piratory tract infection during the 2 weeks before 
the interview. The incidence of reported illness was 
divided equally by sex with 24% of both boys (75/ 
307) and girls (64/268) affected. Race did not ap¬ 
pear to be a significant risk factor, illness was 
reported for 23% of white children (96/421), 27% 
of black children (40/146), and 40% of children of 
other races (4/10). The frequency of upper respi¬ 
ratory tract infection did vary somewhat with age; 
incidence in children younger than 36 months was 
27% (91/338), and in children 36 months or older, 
20% (47/232). 

On univariate analysis, children who attended 
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day-care facilities appeared to be more likely than 
children who did not attend to have had symptoms 
of an upper respiratory tract infection during the 2 
weeks preceding the interview (32% (55/175] of 
attendees v 2l% [84/400] of nonattendees; P« .01, 
X 9 ). A significant difference in risk between part- 
time and full-time attendance could not be dem¬ 
onstrated, although there was a suggestive trend in 
children younger than 36 months (42% (23/55) 
incidence in full-time attendees t> 28% [11/39] in 
part-time attendees, P - .2, Fisher exact test). The 
type of day-care facility, ie, residential v nonresi- 
denti&l, and the length of time the child had been 
attending were not statistically associated with the 
likelihood of upper respiratory tract infection. 

The association of day-care attendance with up¬ 
per respiratory tract infection was further evaluated 
by logistic regression in a model that contained 
other variables considered to be possible risk factors 
for disease. These variables included family income, 
crowding (dichotomized at less than v equal to or 
more than one person per room), and number of 
children less than 5 years of age, maternal smoking, 
and child's race and age (dichotomized at 36 
months). Current breast-feeding was included as a 
possible protective factor in children less than 6 
months of age. 

In this model, children who attended day care 
were significantly more likely than children who 
did not attend to have had a parent-reported upper 
respiratory tract infection during the 2 weeks before 
interview (odds ratio « 1.6, P » .02, Fig 1). In 



attendance and maternal smoking were independ¬ 
ent of one another. Child's age, although itself not 



Fig 1 . Probability of upper respiratory tract infection 
according to age, crowding, maternal smoking, and day¬ 
care status. 


a risk factor (odds ratio * 1.2, P « .4), did signifi¬ 
cantly modify the effect of a third variable, house¬ 
hold crowding. Living in crowded conditions was 
significantly associated with upper respiratory tract 
infection in children younger than 36 months (odds 
ratio * 2.4, P * .02) but not in children 36 months 
or older (odds ratio * 0.6, P * .4). No statistically 
significant association with risk of upper respira¬ 
tory tract infection was seen for family income, 
number of children less than 5 years, and child’s 
race, and no protective benefit of breast-feeding 
could be demonstrated (Table 1). 

Clustering of illnesses within households did not 
seem to significantly affect the association of upper 
respiratory tract infection with day-care attend¬ 
ance. This relationship in households with only one 
child less than 5 years of age was similar to that in 
households with two ill children (odds ratio * 1.73 
v 1.72), and the prevalence of day-care attendance 
in ill children from households containing no other 
children less than 5 years was similar to that ob¬ 
served in children from households with another ill 
sibling (41% [35/85] 40% [12/30]). 

Ear Infection 

Six percent (34/575) of children less than 5 years 
of age were reported to have had an ear infection 
during the 2 weeks before the interview. Ear infec¬ 
tion was reported more often for boys than girls 
(7.2% v 4.5%), but this difference was not statisti¬ 
cally significant. Black children and white children 
were affected equally (6.1%); none of the ten chib 
dren of other races were reported ill. Compared 
with upper respiratory tract infection, the incidence 
of ear infection was more influenced by age. Inci¬ 
dence was 8.6% (29/337) in children 0 to 35 months 
of age and 2.1% (5/233) in children 3 or 4 years of 
age. Children with ear infection were significantly 
more likely than children without ear infection to 
have had upper respiratory tract infection symp¬ 
toms during the preceding 2 weeks (65% [22/34]} v 
22 % [116/535]; odds ratio - 6, P < .001, Fisher 
exact test). 

Univariate analysis suggested that, as with upper 
respiratory tract infection^ children attending day 


TABLE 1. Variables Not Included in Final Upper Res- 
piratory Tract Infection Mode] 


Variable 

Oddi Ratio 
(Point Estimate) 

P Value 

No. of children <5 yr 

0.7 

.17 

Race 

1.1 

.76 

Breast feeding 

Income (%)\ 

1.0 

.98 

0-19,999 

1.0 


10-34,999 

1.5 

.14 

*35,000 

1.0 

.91 
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care were at increased risk for development of ear 
infection. For ear infection, however, only children 
who attended a day-care facility 40 or more hours 
per week could be shown to be at increased risk. 
This association with full-time attendance was 
present when either all children or only children 
younger than 36 months were evaluated (Table 2). 
Although the number of children with ear infection 
who attended day-care full time was relatively 
small, the type of day-care facility, it, residential v 
nonresidential, and the length of time the child had 
been attending did not appear to be associated with 
increased risk of disease. 

The association between full-time day-care at¬ 
tendance and ear infection was evaluated in a logis¬ 
tic regression model containing the same variables 
that were used for the upper respiratory tract infec¬ 
tion analysis. Concomitant upper respiratory tract 
infection was not considered as a separate risk 
factor because this illness may, in many instances, 
represent an intermediate step between exposure 
to a risk factor and ear infection . 110 Clustering of 
ear infections within a household occurred only 
once and, thus, was not a factor in analysis. In the 
ear infection model, full-time day-care attendance 
was strongly associated with increased risk of ear 
infection (odds ratio - 3.2, P * .005). Age was a 
second important predictor of disease, with children 
younger than 36 months at higher risk than chil¬ 
dren 36 months of age or older (odds ratio * 3.3, P 
* .02). Among young children, as with upper res¬ 
piratory tract infection, crowding was an important 
factor predicting disease (odds ratio - 3.4, P • .01); 
in the older age group, data were insufficient to 
assess the effect of this variable (Fig 2 ). For ear 
infection, family income, number of children less 
than 5 years of age, maternal smoking, and child’s 
race and breast-feeding status were not signifi¬ 
cantly associated with risk (Table 3). Two factors, 
maternal smoking and part-time day-care attend¬ 
ance, which were associated with the risk of upper 


respiratory tract infection, were not associated with 
the risk of ear infection. Thiftfindmf may be due 



mmMr 


TABLE 2. Incidence of Ear Infection by Day-Care At¬ 
tendance Statu* for All Children and Children 0 to 35 
Month* of Age 

Day-Can Attendance 

Incidence of Ear Infection (%) 

Statu* 

All Children 

0-35 Mo 

Nonattendee* 
Part-time attendee* 
Full-time attendee* 
Statu* not available 
Total 

4.6 (19/395) 
4.1 (3/73) 
11.7(12/102) 
(0/5) 

5.9 (34/575) 

7.0 (17/244) 
6.3 (2/38) 

18.2 (10/55) 
(0/1) 

8.7 (29/338) 
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Rfl 2. Probability of ear infection according to age, 
crowding, and day-care statu*. 


TABLE X Variables Not Included in Final Ear Infec¬ 
tion Model 


Variable 

Odd* Ratio 
(Point Eitixnau) 

P Value 

No. of children <5 yr 

0.7 

.43 

Maternal tmoking 

1.1 

.82 

Race 

1.0 

.93 

Breast-feeding 

Income (I) 

1.9 

22 

(M 9,999 

1.0 


20-34,999 

0.9 

21 

E35,000 

0.8 

.73 


alternatively to actual differences in risk factors fSP 
this? two syndromes. 

Attributable Risk 

Perhaps the most meaningful measure of the 
amount of upper respiratory tract disease associ¬ 
ated with day-care attendance is the etiologic frac¬ 
tion among the exposed children or EFe^,.^, 
which can be interpreted as the proportion of res¬ 
piratory illness among children who attend day care 
that is directly related (“attributable”) to this ex¬ 
posure. 

In this study, the EFe^***) for upper respiratory 
tract infection, adjusted for the other variables 
shown to be associated with upper respiratory tract 
infection, was 31%. Thus, approximately one third 
of upper respiratory tract infections in children who 
attend day care may be attributable to this specific 
exposure. The EFe**,.^ for upper respiratory 
tract infections varied slightly by age and was 30% 
for children younger than 36 months and 33% for 
children 36 months of age or older. 

For ear infections, the EFe ( ^u» # d.y-e W > was 66%, 
standardized for the other variables shown to be 
associated with ear infection, and thus approxi¬ 
mately two thirds of ear infection contracted by 
full-time day-care attendees may be directly re- 
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TABLE 4. Etiolopc Fraction Among Exposed Groups 
' ’‘<EFe* r «J and Population Attributable Risk of Upper 
Respiratory Tract Infection and Ear Infection Aaaociated 
with Day-Care Attendance _ 


Child'* Infection 
sod A ft (Mo) 


Children 

Attending 
Day Care 
<%) 

Population 
Attributable 
Riak {%) 

Upper respiratory 




tract 




0-35 

.30 . 

29 

9 

*36 

.33 

34 

n 

Ear infection 




0-35 

.64 

16 

10 

*36 

.68 

20 

14 


lated to that specific exposure. The age-specific 
Ereb us* +y.<M*Y for ear infection was 64% for 
children 0 to 35 months of age, those at highest 
risk, and 66% for children 3 and 4 years of age. 

The amount of upper respiratory tract disease in 
all young children that is directly related to day¬ 
care attendance (the etiologic fraction among the 
population; also called the population attributable 
risk) depends not only on the proportion of illness 
related to attendance but also on the proportion of 
children who attend This latter figure is likely to 
depend on a variety of factors including geographic 
region, season of the year, and age of the children 
involved In Atlanta, during the summer of 1984, 
the population attributable risk for day-care at¬ 
tendance varied between 9% and 11% for upper 
respiratory tract infection and between 10% and 
14% for ear infection, depending on child’s age 
(Table 4). 

DISCUSSION 

Although more than 11 million children in the 
United States attend some form of day care, 11 esti¬ 
mates of risk have not been available for many of 
the illnesses to which these children are exposed, 
and the need for population-based studies has be¬ 
come increasingly apparent. 1112 In particular, al¬ 
though the association between day-care attend¬ 
ance and infections of the upper respiratory system 
was suggested more than 35 years ago, 12 the contri¬ 
bution of day-care exposure to overall risk for these 
diseases has not been defined. 

This study was designed to quantify the relation 
between day-care attendance and risk of childhood 
upper respiratory tract infections. Controlling for 
the effect of other risk factors, children in this 
cohort who were enrolled in day care were substan¬ 
tially more likely to have both upper respiratory 
tract infection and ear infection. Because these 
children were randomly selected from the general 
population* we could calculate that approximately 


one third of upper respiratory tract infections 
among day-care attendees and two thirds of ear 
infections among full-time day-care attendees were 
directly related to attendance. Because data regard¬ 
ing the proportion of children in the population 
attending day-care facilities were also available, we 
were able to estimate that 9% to 14% of all upper 
respiratory tract infections and ear infections in 
children less than 5 years of age may occur as a 
result of day-care attendance, a figure generaiixable 
to other areas to the extent that day-care attend¬ 
ance patterns in Atlanta are similar to attendance 
patterns elsewhere. These estimates provide a use¬ 
ful assessment of the influence of day-care attend¬ 
ance on the overall risk of upper respiratory tract 
infection in young children. Respiratory illness re¬ 
sults in an estimated 17.4 million physician visits a 
year in the United States 1 and for otitis media 
alone, an estimated annual' expenditure of more 
than $2 billion. 14 

These percentages should be interpreted with 
appropriate caution. Having a child in day care may 
alter the likelihood that parents will notice and 
report illness in their children. This study deter¬ 
mined a point estimate of risk based on parental 
reporting of illness during a 2-week period and, as 
such, should be viewed as only a first step in quan¬ 
tifying the effect of day-care attendance on the 
incidence of childhood upper respiratory tract in¬ 
fections. Nevertheless, the case definition based on 
parental reporting can be partially validated by the 
results of the analysis. If parents were reporting 
respiratory' infections when no illness had occurred, 
one would not expect to find significant associa¬ 
tions with crowding or maternal smoking. The sub¬ 
stantial portion of upper respiratory tract infection 
linked to day-care attendance in this study suggests 
that it would be useful to determine whether spe¬ 
cific etiologic agents may be particularly associated 
with this risk. 

Additional studies that assess risk over season 
should be undertaken. For example, the risk of 
upper respiratory tract infection associated with 
day-care attendance calculated by this study may 
be a minimum estimate; day-care attendance may 
be more strongly linked with disease during the 
winter respiratory illness season when the likeli¬ 
hood of the introduction of upper respiratory tract 
infection into a day-care facility may be greater. 
Alternatively, a greater background incidence of 
viral infection during the winter might reduce the 
added risk associated with day-care attendance. 

Several aspects of analysis other than the relation 
between upper respiratory tract illness and day¬ 
care attendance deserve comment. The similarity 
of the risk factor models for upper respiratory tract 
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infection and ear infection demonstrates the close 
association between these two illnesses and reaf¬ 
firms the likely role of upper respiratory tract in¬ 
fections in the pathogenesis of ear infection.** 10 The 

jlata regarding maternal smoking underscore the 
link between passive ezpoeure to smoke and devel¬ 
opment of upper respiratory tract infection in chil : 
4rem w ' 1 * In this study, the proportion of upper 
Jrespiratoxy. tract infections in children of tmojdjig 
to this exposure (34%£and 
the total popufotion^attnbutabie risk (10%) wyre 
comparable to those calculated for day-care attend¬ 
ance. 

As risk factors, however, there is a major differ¬ 
ence between maternal smoking and day-care at¬ 
tendance. Whereas maternal smoking is totally pre¬ 
ventable, day-care attendance is not. This differ¬ 
ence highlights an increasingly obvious dilemma: 
child day care provides an irreplaceable service; yet, 
by its nature, it also results in enhanced transmis¬ 
sion of infectious illnesses. The most practical ap¬ 
proach to this problem—reduction of risk among 
those children who attend—rests on the assump¬ 
tion that differences in day-care facilities and chil¬ 
dren's exposures within those facilities may affect 
degree of risk. For diarrheal disease, this assump¬ 
tion seems warranted; risk has been shown to be 
influenced by a variety of specific day-care charac¬ 
teristics. 3 Whether the same is true for respiratory 
disease remains an open question. Identification of 
specific factors that are associated with increased 
risk of upper respiratory tract disease within day¬ 
care facilities should be a primary goal of future 
study. 
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SUMMARY: Environmental factors were examined as determinant of 
clinical disease in a five year prospective study of 73 children 
born to atopic parents. Clinical follow up for evidence of eczema 
and wheezing was combined with regular skin testing, immunoglobulin 
assay, and respiratory viral culture where appropriate. 

Thirty six children developed eczema, which 1 was often 
associated with a positive result of a skin test to ingestants in 
the first year and inhalants by the fifth year. Thirty two children 
developed one or more episodes of wheeze. Fifteen children wheezed 
once only, and not all of these developed atopy. 

No pattern of respiratory infection in early life was 
characteristic of children with recurrent wheeze. There was a 
significant difference in parental smoking habits between children 
with and without episodes of wheeze at the fifth birthday. No 
protective effect of breast feeding could be shown. 

The development of allergic disease in susceptible 
children is influenced by many environmental factors. Advice to 
families about reduction of environmental allergens continues to 
pose problems, but parents should be advised to avoid smoking in 
the child's presence. 
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summary Environmental factors were examined as determinants of clinical disease in a five year 
prospective study of 73 children bom to atopic parents. Clinical follow up for evidence of eczema 
and wheezing was combined with regular skin testing, immunoglobulin assay, and respiratory 
viral culture where appropriate. 

Thirty six children developed eczema, which was often associated with a positive result of a 
skin test to ingestants in the first year and inhalants by the fifth year. Thirty two children 
developed one or more episodes of wheeze. Fifteen children wheezed once only, and not all of 
these developed atopy. 

No pattern of respiratory infection in early life was characteristic of children with recurrent 
wheeze. There,yyas^ignificantdifference in parental smoking habits between children with arftf 
without episodes of wheeze at the fifth birthd$. No protective effect of breast feeding could be 
shown. 

The development of allergic disease in susceptible children is influenced by many environmen¬ 
tal factors. Adyi^t^ families^about reductioa^ot environmental.aile^nsr continues, to po*fe 
problems; but parents should be advised to avoid smoking in the child’s presence. 


The relation between the atopic state and the 
clinical expression of diseases such as bronchial 
asthma or atopic dermatitis remains unclear. Most 
young children with these disorders are atopic and 
exposure to allergen can; in sensitive individual*, 
induce bronchospasm and eczematous skin changes. 
Not all atopic subjects, however, develop disease. 
The possibility that additional influences are re¬ 
quired for expression of disease to occur has 
received much attention. There have been reports 
on the role of diverse environmental factors in 
atopic subjects, including season of birth, 1 respira¬ 
tory infections, 2 and state of breast feeding. UH 

In this five year prospective study we have fol¬ 
lowed a cohort of children fn*97) at risk of allergic 
- disease, seeking the development of eczema, recur¬ 
rent wheezing, and seasonal rhinitis. We have 
attempted to examine how environmental factors 
interact on the atopic constitution and produce 
symptoms of disease. The incidence of early respira¬ 
tory infections and the development of specific 
antibody to common allergens in these children has 
previously been reported.* 


Patients and methods 

Study design. One hundred babies were selected for 
study before birth on the grounds that one parent 
gave a history of hay fever or asthma. This selection 
was designed to provide a cohort of children of 
whom about half would be expected to develop 
evidence of atopy, those without atopy acting as 
controls. In this study atopy was defined as the 
presence of eczema and/or one gr more positive 
results of a cutaneous prick test to cbmmon allfcrgens. 
Written consent from pregnant mothers was 
obtained after full explanation that the baby would 
be subjected to venepunctures and the passage of a 
soft nasal catheter during the course of the study. 
All the babies were bom in the maternity depart¬ 
ment of a district general hospital. The mean birth 
weight on leaving hospital was 3280 g. 

At one year there were 92 families on follow up. 
Most of the study families continued to live in the 
area served by the hospital, and 73 remained on 
follow up on the child's fifth birthday (Table 1). 
Parents were asked to keep a diary of their feeding 
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Tabic 1 Reasons for the 27 withdrawals from the study 
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Movtd away 

12 

Lost to follow up 

Partmr decided not 

10 

to continue 

4 

Other i reason 

1 

Total 



methods and smoking habits. The date of the first 
cow's milk feed was recorded, but this information 
was not available to the paediatrician (JJC) who 
examined the babies. The sociali class classification 
was recorded (Registrar General s Classification, 
1971). 

Clinical assessment. Ail babies were examined at 
birth, at 3, 6, and 12 months, and annually 
thereafter. At each hospital visit a clinical history 
was taken and added to by a daily record of 
respiratory symptoms and skin problems kept by the 
parents. Clinical examination of the skin and the 
respiratory tract was carried out at each visit. In 
addition, parents were asked to notify the hospital 
whenever respiratory symptoms developed; a clini¬ 
cal examination was then made, usually at home. A 
diagnosis of eczema was made when the skin of the 
face or flexures showed roughening, redness, or 
intense pruritus that persisted for four weeks or 
more. Transient spots or cradle cap were not 
regarded as eczema. The presence of eczema and 
wheezing was confirmed in ail cases by the paediatri¬ 
cian (JJC); or general practitioner. Hay fever was 
regarded as present if nasal discharge occurred in at 
least two spring/summer seasons. In this report 
children are regarded as atopic if they developed 
eczema or had at least one positive result of a 
cutaneous prick test during the study. 

Laboratory investigation. At each hospital visit 
immediate skin testing for hypersensitivity was 
carried out by prick testing with six common 
allergens—namely, Dermatophagoides pteronyssi- 
mus (house dust mite), mixed grass polltn, cat fur, 
dog dander, hen's egg. and cow’s milk (Bencard 
Ltd) i A control solution and a 1/1000 histamine 
solution were also used. The diameter of the wheal 
was recorded at 15 minutes; a positive reaction was 
recorded when a wheal was 3 mm greater than that 
of the negative control. All subjects showed reactiv¬ 
ity to the histamine solution. 

At each visit venepuncture was performed and the 
serum assayed for immunoglobulin concentrations, 
including total serum IgE. 11 
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Direct viral culture was attempted whenever 
respiratory symptoms were notified. Nasopharyn¬ 
geal secretions were taken from the symptomatic 
baby in the home and transported at 0°C to the 
laboratory. The methods of tissue culture have been 
described elsewhere. 9 

Saliva samples were collected from all children at 
3 years. These samples were assayed for IgA, using 
a double antibody radioimmune assay. 12 This assay 
is specific for alpha determinants on IgA, is not 
inhibited by secretory piece, and is not influenced by 
the molecular weight of the IgA. 

Statistical analysts was undertaken using analysis 
of variance, / test, and x 2 test. As a result of 
skewness in the distribution of the IgE results, data 
were logarithmically transformed (Jog (1+x)) before 
significance tests were performed. 

Results 

Clinical disease. Of the 73 children who remained on 
follow up for five years, 36 developed eczema. In 34 



*kjt of study 

Fig. 1 Incidence of wheezing by year of study. Total bars 
(white* black) show number of children who experienced 
episodes of wheeze in each year; black bars show number of 
these children who had eczema in each year. Asterisk 
denotes total number of episodes of wheeze in each year. 
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(94%) of these the skin rash became apparent within 
the first two years of life. In most (n=31) the skin 
rash persisted for less than one year and did not 
present an important clinical problem^ In five 
subjects persistent skin inflammation^ requiring 
appropriate topical treatment, was presents but even 
in these children there was a tendency to improve 
with age. 

Thirty two children (44%) had one or more 
episodes of wheezing. Most children (69%) had 
their first episode within the first two years of life. 
Fifteen children had a episode of wheeze on a single 
occasion only. Four of the 15 children who wheezed 
only once showed no evidence of atopy during the 
five year follow up. As the remainder (n*17) went 
on to develop recurrent attacks of wheezing the 
actual number of episodes of wheeze each year 
increased with age (Fig. 1). Eleven had four or more 
attacks in the five years and all of these received 
medical treatment, including admission to hospital 
in two cases. Fifteen of the 17 children with 
recurrent wheeze either developed eczema or had 
multiple positive results of cutaneous prick tests 
during the study. 

Skin tests and clinical disease. The skin test reactiv¬ 


ity to the six common allergens is shown in Figure 2. 
Responses to egg and milk were most prevalent in 
years one and two. after which they decreased, 
whereas those to the major inhalant allergens house 
dust mite and grass pollens were more prevalent in 
the later years of the study. Of the 36 children with a 
diagnosis of eczema, 21 were atopic on the basis of 
results of the skin test. Eleven of these showed egg 
sensitivity in the first year compared with only three 
of the 37 children without eczema (p<0 05). During 
the first year ingested allergens accounted for 86% 
of positive reactions in children with eczema (Table 
2). By contrast, at year five, inhalant allergens 
accounted for 26 of 27 positive reactions in children 
with eczema. 

Children with recurrent wheezing showed an 
increasing number of positive reactions to inhalant 
allergens as age increased, with 16 of 18 being 
classified as atopic on this basis at the end of the 
study. Of the 32 children who wheezed. 22 had at 
least one positive result of a prick test. No character¬ 
istic partem of skin test responses occurred in 
children with wheeze to distinguish them from the 
atopic subjects who did not wheeze. Six of the eight 
patients with hay fever developed a positive skin 
reaction to mixed grass pollens within five years. 



Fig. 2 Percentage of children with positive results to skin tests for the six common allergens. 
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Table 2 Positive reactions to skin tests at 1. 2, J, and 5 years in 36 children who developed eczema 

Aft (tram Ann fen 


£ff Dust mue Pollens Cat Dot Milk 



Immunoglobulin concentrations and clinical disease. 
Immunoglobulin E concentrations were significantly 
raised in both patients with eczema (Fig. 3) and 
those with recurrent wheezing (Fig. 4) when com¬ 
pared with those children who did not have these 
diseases at all ages after 3 months (p<0*05). 
Children who wheezed only once had IgE concen¬ 
trations that were not significantly different from 
those of children who did not wheeze at all 
(p>005). 

No differences in serum IgA concentrations were 
apparent at any age between 3 and 60 months 
between children with and without eczema. The 
salivary IgA values in 3'year old subjects were not 
significantly different in those with and without 
eczema, all being within the normal adult range. 6 
There was no significant difference in serum IgA 
concentrations between those who did and did not 
have episodes of wheeze (p<0 05). 

Parental smoking. At the children’s first birthday 
the number of those who had developed or were to 
develop wheezing was equally distributed between 
parents who did or did not smoke at that time. By 5": 
grears. however. 62% of parents who smoked had 


fhildren who had experienced episodes of wheeze 
compared with 37% in familieswhere the parent? 
did iK*. smoke.^The difference was signiffemt 
<P<-te> (Fig. 5). 

When total serum IgE concentrations of children 
were compared between the families where the 
parents smoked and those where the parents did not 
smoke no significant difference could be found at 
any age (p>0 05). 

Respiratory infections. Successful isolations of virus 
became less common as the children grew up. 
probably due to sampling difficulties. In all subjects 
throughout the study respiratory viruses (rhinovirus. 
respiratory syncytial virus, and para-influenza virus) 
were isolated from children with both coryzal and 
wheezy syndromes. The 15 children who wheezed 
only once often had associated coryzal symptoms. In 
this group five positive respiratory viral isolates 
were made (three respiratory syncytial virus, two 
para-influenza virusji 

Respiratory infections occurred more often in the 
atopic children (mean 20*7 over five years) than in 
the non-atopic children (mean 15*6), but this differ¬ 
ence did not reach significance. There was a similar 



Fig 3 IgE concentration in children according to whether 

they developed eczema or not. •-• » Those wtlh 

eczema (/»« J6), O-O* those without eczema (n**37). 



Aqa (month*) 

Fig . 4 IgE concentration in children according to whether 

they had episodes of wheeze or not. •-#* Those with 

recurrent wheeze; O--O —those without wheeze. 
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Fig, 5 Parental smoking habiu and wheezing in total study 
population. ♦ Children with wheeze in-32); 

O- O-children without wheeze in—41). 


pattern of respiratory virus infections in the atopic 
children during the first year of life compared with 
those who did not develop wheezing (Tablt 3). 

Breast feeding. The duration of breast feeding was 
taken as the time from birth to the introduction of 
the first cow s milk or cow’s milk formula feed. 

fn all, 55% of children received no cow’s milk 
during the first four weeks of life and 12% were 
totally breast fed for over three months. 

There was no evidence of any relation between 
the duration of breast feeding and the incidence of 
eczema or positive skin tests (p>0 05) (Table 4). 

No protective effect of breast feeding against 
asthma could be shown. 

Atopic children and environmental factors. Forty 
eight children were identified as atopic. Twenty two 
developed episodes of wheeze and 26 did not. As 
the genetic predisposition to atopy was similar the 
two subgroups were compared for environmental 
influences. 

No significant differences between the groups 
could be shown for social class, season of birth, or 
duration of breast feeding. The atopic children who 


had episodes of wheeze did not have significantly 
more respiratory infections, and the virus isolates in 
the first year were similar in both groups (Table 3): 

who 

smoked- agarcttes^fa^iIvV&^fcatopip^ 
Children who had 4 epfsode?o^w^^^ ‘ 

age than iathefamilies.of^ have 

episodes of whe^%*frG5) (Fig. 6). 

Discussion 

The prediction that roughly half of these children 


Table 4 Duration of breast feeding according to atopic 
state 
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Vrcr of study 


Fig. 6 Parental smoking habits and wheezing in the atopic 

study population. #-#» Atopic children with wheeze 

<n»22); O- O-atopic children without wheeze frt- 26 ). 


Table 3 Virus isolations in 48 symptomatic children with atopy in first year of life 
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would develop allergic disease proved to be 
correct 11 The predominant clinical problem was 
eczema, although most of the children were affected 
in the first two years only . Over 40% of the children 
had one or more positive results to a skin test, a 
prevalence in agreement withi a previous report on 
similar children. 14 Most of the children with eczema 
were atopic, supporting an association between 
disease expression and the genetic predisposition to 
develop IgE antibody responses. The most com* 
monly identified skin sensitivity in the first year was 
to egg protein. The skin reaction was often tran¬ 
sient. disappearing in the second year at a time when 
the prevalence of eczema was also decreasing. These 
results suggest a role for food specific immune 
responses in the pathogenesis of infantile eczema, as 
has been suggested by others. Skin reactivity to 
inhalknt allergens represented the predominant 
sensitivity in older children with eczema^ although it 
developed later than that to foods. The rolfe of 
inhalant allergens in the pathogenesis of eczema has 
received somewhat less attention: It has been shown 
that the raised IgE concentrations of children and 
adults with this disorder includes inhalant allergen 
specific IgE antibody. 15 The presence of this anti¬ 
body is not explained by concomitant respiratory 
allergic disease. Furthermore, the application of 
such allergens to the skin has been shown to induce 
eczematous lesions in sensitive individuals. 16 Both 
ingested and inhaled allergens are probably of 
clinical importance in subjects with eczema, though 
their predominant effects may be at different stages 
of development. 

In this study the children who wheezed on four or 
more occasions all showed evidence of atopy The 
predominant sensitivity was to the major inhaled 
allergens. The results suggest that this preschool 
chest disorder is indistinguishable from asthma. Not 
all atopic children develop asthma, suggesting that 
atopy albne does not give rise to symptoms. Chil¬ 
dren who wheeze once only in the early months of 
life do not necessarily go on to show evidence of 
atopy, and their IgE concentrations are the same as 
those children who have no episodes of wheeze. 
Such episodes are usually associated with coryza! 
symptoms, suggesting that a single episode of 
wheeze can result directly from respiratory infection 
of this age. 

As in our earlier report, 3 we were again unable to 
confirm the observation that children with atopic 
symptoms had a transient deficiency of IgA concen¬ 
tration at 3 months. 17 Differences in study design, 
clinical definitions, and duration of follow up may 
account for the conflicting results. We were unable 
to show that either month of birth or social class 
influenced the onset of asthma, but it would require 


much longer epidemiological studies 18 19 to detect 
this influence. 

This study confirms other observations that res¬ 
piratory viruses can be isolated from young children 
during episodes of wheeze. 21 ' 21 The same viruses 
were isolated, however, from children with coryzal 
symptoms in both atopic and non-atopic children. 
These findings suggest that viral infection against an 
atopic background does not adequately explain all 
symptoms. No virus, or group of viruses, could be 
identified as more asthmagenic than others. Due to 
sampling difficulties in older children, this study was 
unable to confirm the role of viral infections in the 
development of recurrent wheezing. 

•it is known from epidemiological studies that 
exposure to cigarette smoke doubles the risk to the 
infant of an attack of pneumonia or bronchitis. 22 
Our study suggests that this risk is not confined to 
infancy and parental smoking habits but may have 
an even stronger influence on the pathogenesis of 
wheezing in the 5 year old child. The mechanism of 
this effect is unclear. In adults smoking may result in 
an increase in bronchial hyperactivity, 23 this change 
being only weakly dependent on the atopic state of 
the patient. Immunological variables can be altered 
in smokers, including a rise in IgE concentrations. 
In this study the children of parents who smoked did 
not show raised IgE concentrations, perhaps sug¬ 
gesting a different mechanism. We have reported 
elsewhere that the immune response to house dust 
mite was increased ini those children exposed' to 
higher concentrations of its major allergen, antigen 
pi. 10 These differences include prevalence of skin 
test reactivity and radioallergosorbent test specific 
for D pteronyssimus. It has been shown previously 
that avoidance of house dust mite both in children 
and young adults can result in a reduction of 
bronchial hyperactivity. 24 25 It is quite clfear that 
recurrent wheezing develops in these subjects who 
are genetically predisposed to develop an atopic 
state. It is possible that cofactors* or environmental 
influences* such as parental smoking* house dust 
mite antigen, and respiratory tract infections* either 
by a direct effect on airway reactivity <prby altering 
Ihe nature of the immune response '^particular 
allergens, are required to allow disease expression. 
The possibility of a synergistic effect "between these 
factors must also be borne in mind' 

Breast feeding failed to show any protective effect 
against the development of allergic disease, includ¬ 
ing eczema. Whether breast feeding affords protec¬ 
tion against atopic disease remains controversial. 3 "" 6 
Random controlled clinical trials have given con* 
flicting results. As it is difficult to control how 
mothers feed their babies many studies have been of 
an observational design. Our study can be criticised 
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on these grounds. Bias may have arisen if those 
infants most at nsk opted into the breast feeding 
group. As the risk was equal among all babies this 
seems to be unlikely. Moreover, the number of 
breast fed babies in the trial was similar to local 
practice at the time. Observer bias was minimised by 
the clinician being unaware of the feeding history at 
the time of the clinical assessment. Our conclusions 
are similar to other recent reports. 7 8 

The finding that egg sensitivity, as shown by 
immediate skin test reactivity, can occur in wholly 
breast fed babies suggests that maternal diet may be 
of relevance. Food allergies in fully breast fed 
infants have been described. 26 It has been shown in 
experimental rats that repeated low dose exposure 
through breast milk increases the likelihood of 
developing an IgE antibody response to a food 
protein. 27 The increased incidence of skin tests 
positive to egg, in breast fed babies compared with 
bottle fed babies, during the past six months 
suggests that similar events may occur in man. While 
breast feeding should continue to be recommended 
by paediatricians as the best available feed for most 
babies, we do not believe that it can be promoted as 
a preventative measure in those infants at risk of 
developing allergic disease. Studies on the rol t of 
maternal exclusion dieting while breast feeding are 
indicated. 

In conclusion, the development of asthma and 
eczema in susceptible children seems to be influx 
enced by a wide variety of environmental factors. 
The issue of dietary exposure is as yet unresolved! 
Exposure to inhalant allergens such as the house 
dust mite can be reduced, although it is not clear 
what level of reduction is required to alter the 
natural history of the disease. 28 The simplest adyjce 
that we can give the parents of atopic children i/*o 
stop smoking in the child's present*. 

We are grateful to Professor T A E PUtts-Milh for ho encourage¬ 
ment and for carrying out the secretory IgA assays. Financial 
support for this project was received from the Medical Research 
Council, the Asthma Research Council, and the Wessex Regional 
Health Authority. We thank Mrs J Wignail for technical support 
and all the children and families who took pan. 


1 Morrison Smith J'. Springett VH. Atopic disease and month of 
birth. Clin Allergy 1979:6:153-7. 

2 Frick OL, Germand DF. Mills J. Development of allergy in 
children. Association with virus infections. J AUtrgy Clin 
Immunol 1979:63:228-41. 

1 Burr ML, Does infant feeding affect the nsk of allergy? Arch 
Da Child 1983:5*561-5. 

4 Grulee CG. Sandford HN. The influence of breast and artificial 
feeding in infantile eczema J Pediatr 1936:69:223-5. 

* Johnstone DE. Dutton AM. Dietary prophylaxis of allergic 
disease m children. N Engl 1 Med 1966:274:715-9. 

* Moore WJ. Midwinter RE. Morris A F. Colley JRT. Soothill JF. 


Infant feeding and subsequent risk of atopic eczema. Arch Da 
Child 1985.6*722-6 

T Golding J. Butler NR. Taylor B Breast feeding and eczema/ 
asthma Lancet 1982.i.623. 

" Gordon RR. Milford Ward A. Noble DA Allen R. Immunoglo¬ 
bulin E and the eczcma/asthma syndrome in early childhood 
Lancet 1982:i:72-4. 

* Cogswell JJ, HallidayDF. Alexander JR. Respiratory infections 
in the first year of life in children at nsk of developing atopy Br 
Med J 1982:2*4:1011-3. 

10 Rowmree S. Cogswell JJ. Piatts-Mills TAE. Mitchell EB. 
Development of IgE and IgG antibodies to food and inhalant 
allergens in children at nsk of allergic disease. Arch Da Child 
1985:6*727-35. 

11 Hobbs JR. Simplified radial immunodiffusion Association of 
Clinical Paxhologaa Broadsheet , So 68. London: BMA. 1970. 

12 Platts-Mills TAE. Local production of IgG. IgA and IgE 
antibodies in grass pollen hay fever. I Immunol 1979:122: 
2218-25. 

13 Van Arsdel PP. Maiuisky AG. Frequency and hereditability of 
asthma and allergic rhinitis in college students. Acta Genet 
Statist Med 1959,9:101-14. 

’* Kaufman HS. Frick OL. Immunological development in infants 
of allergic parents. Clin Allergy 1976;6:321-7; 

15 Ptatts-Mills TAE. Mitchell EB, Rowntree S. Chapman MD, 
Wilkins SR. The role of house dust mite allergens in atopic 
dermatitis. Clin Exp Dermatol 1983;1:233-47. 

'* Mitchell EB. Crow J. Chapman MD. Jouhal SS. Pope FM. 
Platts-Mi lb TAE. Basophils in allergen induced patch test sites 
in atopic dermatitis. Lancet 1982;t: 127-30. 

11 Taylor B. Norman AB. Orgel HA. Stokes CR. Turner MW. 
SoothiU JF Transient IgA deficiency and pathogenesis of 
infantile atopy. Lancet 1973:ii: 111-3. 

'* Taylor B, Wadsworth J. Golding J. Butler N. Breast feeding, 
eczema, asthma and hay fever J Epidemiol Community Health 
198337:95-9. 

David JJ, Beards SC. Asthma and the month of birth; Clin 
Allergy 1985;15:391-5. 

20 Mitchell I. Inglis H. Simpson H. Viral infections in wheezy 
bronchitis and asthma in children. Arch Dis Child 1972:51: 

707-11. 

21 Horn ME CM. Brain E. Gregg I. Yelland SK. Inglis JM. 
Respiratory viral infection in childhood A survey in general 
practice. Roehampton 1967-1972. J Hyg (Lond) 1975;74: 
157-68 

12 Colley JRT. Holland WW. Cork hi II RT Influence of passive 
smoking and parental phlegm on pneumonia and bronchitis in 
early childhood. Lancer 1974;ii: 1031-4. 

23 Pride N Smoking, allergy and airway obstruction. Clin AUergy 
1986.16:3-5 

24 Murray AB. Ferguson AC Dust free bedrooms in the treatment 
of asthmatic children with house dust mile allergy. Pediatrics 
1983.71:418-22. 

23 Ptatts-Mills TAE. MilchcU EB. Nock P. Tov«y ER. Moszoro H. 
Wilkins SR. Reduction of bronchial hyperreactivity during 
prolonged allergen avoidance. Lancet l982:ii:675-7. 

34 Warner JO. Food allergy in fully breast-fed infants. Clin Allergy 
1980;16:133-6. 

r Jarrell EE. Stewart DC. Rat IgE production^ I. Effect of dose of 
antigen on primary and secondary: reagink antibody responses. 
Immunology 1974;27:365-81. 

* Mitchell EB. Wilkins S, McCallum-Detghton J. Platts-Milb 
TAE Reduction of house dust mite allergen kvets in the home: 
use of the acariode. piriimphos methylJ CLn Allergy 
1985;15:235-40. 

Correspondence to Dr J J Cogswell. Department of Paediatrics. 

Poole General Hospital. Longfket Roadi Poole. Dorset BHI5 

2JB. England. 

Received 1 December 1966 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023382987 




Source: https://www.industrydocuitiehts.ucsf.edu/docs/nmyxOOOO 







Taylor, B., Wadsworth, J. "Maternal smoking during pregnancy and 
lower respiratory tract illness in early life" Archives of Disease 
in Childhood 62: 786-791, 1987. 

SUMMARY: In a national study of 12743 children maternal, but not 
paternal, smoking was confirmed as having a significant influence 
on the reported incidence of bronchitis and admission to hospital 
for lower respiratory tract illness during the first five years of 
life. Reported rates of admissions to hospital for lower 
respiratory tract diseases were found to be as high in children 
born to mothers who stopped smoking during pregnancy as in those 
whose mothers smoked continuously both during and after pregnancy. 
Rates of admissions to hospital for lower respiratory tract 
diseases in children whose mothers started smoking only postnatally 
were no higher than in those whose mothers remained non-smokers. 
Postnatal smoking seemed to exert a significant influence on the 
reported incidence of bronchitis, but less than smoking during 
pregnancy. 


These findings suggest that maternal smoking influences 
the incidence of respiratory illnesses in children mainly through 
a congenital effect, and only to a lesser extent through passive 
exposure after birth. 
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Maternal smoking during pregnancy and lower 
respiratory tract illness in early life 
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summary In a national study of 12 743 children maternal, but not paternal, smoking was 
Confirmed ashaVinga significant influence on the reported incidence oftbropchitis and admission 
to hospital for lower respiratory tract illness during the first five years of life. Reported rates of 
admissions to hospital for lower respiratory tract diseases were found to be as high in children 
bom to mothers who stopped smoking during pregnancy as in those whose mothers smoked 
continuously both during and after pregnancy. Rates of admissions to hospital for lower 
respiratory tract diseases in children whose mothers started smoking only postnatally were no 
higher than in those whose mothers remained non-smokers. Posmatal smoking seemed to exert a 
fjgnificaj^nfluence* on the reported incidence of bronchitisJfimit less than smoking during 
^pregnanc^/ 



,i 


Parental smoking has been incriminated as having a 
major adverse influence on the respiratory health of 
young children. 1 " 6 Fergusson et al found that 
only maternal, and not paternal, smoking was 
influential!' 6 They suggested that fathers who 
smoked have less contact than mothers with young 
children, and so there is less irritation of the child's 
lower respiratory tract from passively inhaled smoke 
of paternal origin. There are other possible explana¬ 
tions. Maternal cigarette smoking during pregnancy 
is a health hazard to unborn children, affecting birth 
weight and predisposing to abortion: 7 "* 1 some 
studies have suggested that there is an increase in 
congenital abnormalities in children bom to mothers 
who smoke. HM> 

Smoking by the mother during pregnancy may 
cause a congenital predisposition in the child to 
subsequent respiratory illnesses; we investigated this 
possibility using data from a national birth cohort 
study. 

Subjects and methods 

CHES (the Child Health and Education Study) is a 
continuing survey of children studied neonatally in 
the British Births Survey 14 15 The cohort originally 


comprised alt children born in the United Kingdom, 
including Northern Ireland, from 5 to 11 April 1970 
inclusive. In 1975. 12 743 children of the 16 015 
born in that week and living in England. Scotland, 
and Wales were traced (796%). Health visitors 
interviewed the mothers dt home and gathered over 
500 items of information about social background, 
family, and health, including whether the child had 
had any episodes of bronchitis during the first five 
years, and whether the child Had been admitted to 
hospital withi a lower respiratory’ tract illness 
(wheezing, bronchitis, bronchiolitis, or pneumonia) 
and at what age. 

At the interview in iy70 information had been 
gathered about the mother s smoking habit in 
pregnancy, the average number of cigarettes 
smoked each day. the time of giving up smoking if 
the mother was a previous smoker (recorded as 
months before delivery), as well as the child's birth 
weight and any neonatal problems. At the five year 
interview information was collected 1 about the re¬ 
ported number of cigarettes, if any. smoked by each 
parent and the duration of regular smoking by each 
parent since the child's birth. 

To allow for factors that could influence both 
smoking and respiratory illnesses the following 
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information collected at the five year interview was 
included in multivariate analyses: sibling ranking at 
five years, the health visitor's assessment of the 
home equipment (luxurious, high standard or aver¬ 
age. low. very' low standard), whether the child had 
been breast fed. the number of times the family had 
moved house in the child’s first five years, and the 
social index**—that is a composite assessment of 
socioeconomic state including domestic crowding, 
parental education, tenure of accommodation, type 
of neighbourhood, and paternal occupation. 

The social data obtained in 1970 were less 
extensive than those obtained in 1975. The following 
factors were assessed: social class and mother’s age. 
marital state, and length of full time education. 
Preliminary analysis included two way tabulations 
and x 2 calculations: for multivariate analyses logistic 
analysis of multiway contingency tables 17 using the 
generalised linear interactive modelling statistical 
package GLIM ,K was used to allow assessment of 
individual factors after simultaneous adjustment for 
all other factors in the model. 

Where there were missing data (never more than 
5% and usually less than 2%) as complete a set as 
possible was used in the analysis. Thus the 
denominators used to obtain percentages in the 
tables exclude missing values. 

Results 

Initial cross tabulation showed that rates of lower 
respiratory tract illness in the children increased |he 
more the mother smoked. This was so for smoking 
both during pregnancy and also subsequently^ 
(Figure). These dose response relations rematrecg 
highly significant (p<O*O0l) and were only slightly 
attenuated when allowance was made in multivari¬ 
ate analyses for the possibly effects of birth weight* 
social inde^: hornet assessment * househpUFmoves, 
number of siblings, and breast feeding 
^'Tables 1 and 2 show the relations between 
respiratory illness in the children and parental 
smoking habits and confirms the findings of Fergus- 
son eral. yh Data collected at five years were used 
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Figure Comparative effect of increasing levels of maternal 
smoking during and after pregnancy on risk of bronchitis 
and admissions for lon er respiratory tract disease in 
children aged 0-5. 


for this analysis as information on paternal smoking 
was not collected at the 1970 interview. In generali 
rates of admissions to hospital for lower respiratory 
tract illnesses and bronchitis followed the trend of 
the mother s smoking rather than the father's, with 
the highest rates occurring in children whose 
mothers smoked most heavily, irrespective of the 
father's cigarette usage. Logistic multiway con¬ 
tingency table analysis confirmed this relation. 
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Table 1 Children aged 0-5 admitted to hospital with tower respiratory tract illness according to parental smoking habits 
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Tabic 2 Children aged 0-5 with at least one episode of bronchitis according to parental smoking habits 
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jMaternal ^smoking had a significant influence 
W tioth 1 admissions to hospital with lower 
^respiratofy tract illness and the incidence of broncfafc 
*tis; paterMKsmoking hjti no significant influenc«nfi 
^jnthej^cohdltjoff when maternal smoking was taken 
into account. 

There was an overall high collinearity between 
maternal smoking during pregnancy and postnatal 
maternal smoking assessed at five years: over 90% 
of women who smoked in pregnancy were still 
smoking when their children were 5 years old To 
assess whether smoking during pregnancy influ¬ 
enced children's subsequent respiratory health inde¬ 
pendently of postnatal smoking it was necessary to 
identify mothers who changed theiT smoking habits 
before or after the birth of the study child and 
compare rates of respiratory illness in their children 
with those of the ones whose mothers smoked 
continuously or not at alL 

Table 3 shows the rates of bronchitis and admis¬ 
sions to hospital for lower respiratory tract illness 
according to the mothers' smoking habits. Smoking 


Table 3 Children aged 0-5 admitted to hospital with tower 
respiratory tract illness, or having bronchitis, according to 
mothers ' smoking habits 
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during pregnancy, but stopping before the child 
*as bom. was associated with an. increased 
Incidence of all lower respiratory tract illnesses, buf 
tmoking only after the^ birth of die child had no. 
4,2 knis effect on admissions to tiospita! though an 
arent effect ton the, incidence of^hrohchitis. 
Jstic analysis of these data confirmed thejughly 
ignificant effect of smoking touring pregnlE&cp* 
Jboth rates of admissionto' h^ital^(^0;0G^hSn^> 
incidence of bronchitis (p<G*Ql); postnatal smoking^, 
ilone had no effect on admissions ta hospital and a- 
AirginaJ ^Ihought m t'ajpiificanC' effect ori~ the 
incidence of’ bronchitis. 

Because the effect of maternal smoking on 
children's respiratory health is most obvious in early 
life/* and because our information about postnatal 
smoking was collected when the children were 5 
years old. the effect of varying duration of postnatal 
smoking was examined. Ra^es ,of admissions 
"hospital were not influcnctd^thimokingtourii<^ 

^<9 :D01 ^ 

jpi? ^tk'WOf|X)stnataf > s4^o^ ^ ng having no signifi- 
♦Ant effect. Rates of bronchitis, however, were 
found to be highest in children whose mothers 
smoked both during pregnancy and for most or all of 
the time from birth to age 5. Significant and 
independent cffectsj^fttim^both^ 

pTOnanc$^(p<0^ 

<p<f^05) were found on logistic analysis. More than 
10% of the information on the duration of postnatal 
smoking was missing, however, so these results must 
be assessed with caution. 

The mothers were compared for marital state, 
social class, length of full time education, and age at 


Table 4 Social data (1970 survey) on mothers according to their smoking habits 
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Table 5 Percentage of children admitted with lower respiratory tract illness in different age groups according 
to mothers 'smoking habits 
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delivery (Table 4). Continuous smokers differed 
from non-smokers for each of these factors, but 
those who stopped smoking before birth and those 
who started smoking postnatally did not differ 
significantly from each other on partitioned x' 
analyses. Mothers who smoked continuously differed 
significantly from the other three groups in social 
class and educational attainment: non-smokers 
differed from the other three groups for marital 
state and age at child's birth., Il,seems unlikely 
therefore* Uwi variation in sodoeomomtc^factw 
mbtipfie four smoking groups explains our r&um. 
nor did there seem to be an unexpected effect from 
paternal smoking: rates of illness in the children 
among the four groups did not vary significantly 
when patterns of paternal smoking were considered. 

The age at which bronchitis occurred was not 
known, but the age at admission to hospital for 
lower respiratory conditions was. Table 5 shows the 
effect of maternal smoking habits on rates of 
hospital admission at different age periods during 
the first five years. Children with repeated admis¬ 
sions were counted only once during each age 
period: Maximum differences between admission 
rates for children of smoking and non-smoking 
"^others occured during the first year of life. There 
*as. however, still a significant difference up to the 
a ge of 3 years, and this trend continued up to 5 
years. Although there was high collincarity 
between the two assessments, smoking during 
pregnancy (those who smoked continuously and 
those who stopped during pregnancy ) had a signifi- 
Cant *y "'ore persistent effect than subsequent 
^rooking (those who smoked continuously plus those 
*ho took up smoking after the birth). 

Discussion 



previous studies on parental smoking and respira* 
tory illness in children has considered a congenital 
effect from maternal smoking in pregnancy; because 
of the size and range of CHES. however, it has been 
possible to examine the effects of both smoking and 
changing smoking habits. With the application of log 
linear modelling techniques we were able to assess 
the prenatal and postnatal components of the 
overall effect of smoking on children's respiratory 
illness. In the light of these results earlier studies 
and their recommendations may require reap¬ 
praisal. ^ 
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*• children {fourpassive 
^ OSUre to smoking after birth. None of the 


during 

admis- 

" reflects moreserious 
ratory* disease than does reported bronchitis. 

The findings concerning the level of maternal 
smoking support our overall conclusions. Mothers 
who continued to smoke tended to smoke more with 
time. Only 30-4% of these mothers were heavy 
smokers (15 or more cigarettes a day) during 
pregnancy, whereas 50-5% were five years later. 
Only 15-0% of those who stopped smoking had been 
heavy smokers, compared with 27-7% of those who 
started smoking postnatally. Thus heavier postnatal 
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smoking did not overcome the apparent harmful 
effect of smoking during pregnancy. 

Rates of admission to hospital were highest tiK 
£hildien v of^nwther$*#ho smoked during the first 
year of life (Table 5 W Although there was a strong 
correlation between the two measures, smoking 
assessed during pregnancy seemed to have a more 
persistent effect than postnatal smoking assessed 
five years later. 

*n>ese findings suggest that smoking dunn*|j 
pregnancy may cause congenital damage to theT 
developing respiratory system, either the bronchial- 
^tree of the developing lung vasculature, as has been' 
Jbowii in the umbilical vessels . 14 An alternative 
Explanation for the apparent effect of smoking 
glaring pregnancy is that some interference with the 
Snnmune- system might predispose to respiratwy 
infections—a secondary congenital tmmunooe- 
^^o^Cigarette smoking*»immunosuppressive 
bOtnrnvivo and in vitro. 2 " Datau etat described 
abnormalities of polymorphonuclear leucocyte 
function in children of parents who smoke, 21 and 
Paganelli et al showed an abnormality in immune 
function in cord blood from mothers who smoke. 22 


^Cigarette smoking during pregnancy has beet? 
esociated’with reduced birth weight.%nd lowrtrirth 
.weight is associated with,* wide, range of defective 
immune functions thatmighf predispose to fespira- 
lory infection . 23 Low birth weight, although 
showing a highly significant correlation with rates of 
both admission to hospital and bronchitis, had its 
effect independent of maternal smoking. 

An additional observation concerns the rate of 
lower respiratory illness in the offspring of teenage 
mothers in oax study population. These children for 
various social, environmental, and biological 
reasons might have been expected to have a high 
rate of lower respiratory tract illness; they were 
more likely than children born to older mothers to 
have Ibw birth weights, to have unmarried mothers 
of low educational attainment and low social class. 


to live in poor neighbourhoods, to move frequently, 
and to have more siblings at the age of 5. Their 
mothers were more likely than older mothers to be 
smokers and to be heavy smokers (15 or more 
cigarettes a day) when the children were 5 years old. 
These children were, however, no more liable than 
children of older mothers to bronchitis or to be 
admitted to hospital. 24 A possible explanation for 
these paradoxical results was the finding that 
although teenage mothers were more likely to 
smoke some cigarettes during pregnancy, they were 
less likely than older mothers to be heavy smokers 
during this time, especially those who were under 18 
years old when their children were bom. Rates 
of respiratory illness across the whole maternal age 


range in general followed rates of smoking during 
pregnancy and not postnatal! smoking. 25 

Many of the data used in this study were collected 
retrospectively, and so variable maternal recall 
might have influenced the findings. The Huge 
sample size and representativeness of the study 
population, however, should reduce this effect The 
data also reflected the current habits, and are 
consistent both for reported bronchitis and the more 
objective variable of admission to hospital. 
Adequate agreement was found between medical! 
data and parental reports of lower respiratory tract 
illness resulting in consultations with general practi¬ 
tioners 2 and hospital admission. 2f> even though there 
may be variation between the two sources in exactly 
what names the respiratory conditions are given.-* 7 
The data used in the present analysis were collected 
in 1970 and 1975. before there was widespread 
appreciation of the possible ill effects of parental 
smoking on children’s respiratory health: the 
questions are thus likely to have been honestly 
answered. 

thaLr what- 

evef 

bad for chijdrtn during both intrauterine' and 
subsequent UreT 
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alimentary and respiratory illness with parental smoking and other 
environmental factors" Journal of Epidemiology and Community Health 
41 : 21 - 25 , 1987 . 

SUMMARY: The incidences of alimentary and respiratory illnesses 
were observed during the first year of life in 1565 infants born 
in Tayside during 1980. Significant correlations (p<0.05) were 
found between each of these outcomes and parental smoking, maternal 
age, social class, method of infant feeding, and heating fuels. 
Multiple logistic regression indicated a significant independent 
effect of parental smoking was related separately to alimentary 
and to respiratory outcomes, the relative risks being of similar 
strength. 
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Association of infant alimentary and respiratory illness 
with parental smoking and other environmental factors 

S A OGSTON, 1 C DU V FLOREY, 1 AND C H M WALKER 2 

From the Department of Community Medicine, 1 and the Department of Child Health, 3 Ninewells Hospital and 
Medical School, Dundee DDl 9SY 


summary The incidences of alimentary and respiratory illnesses were observed during the first year 
of life in 1555 infants born in Tayside during 1980. on^. CqX .wctp fouirip 

between each of these outcomes and parental smokmg^ater^ of infant 

feeding, and heating fuels. Multiple logistic regression indicated a significant independent effect of 
parental smoking was rdated separately to alimentary and to respiratory outcomes, the relative ri$ks 
being of similar strength. 


Said and co-workers 1 were the first to report an 
association between parental smoking .and post¬ 
prandial colic and other digestive symptoms in infants. 
In their study of 253 3-month-old infants, mothers 
were askqd at a routine consultation whether the child 
cried after feeding and seemed to be in pain. There 
appeared to be a dose-response relation between 
parental smoking and reported post-prandial colic, 
rising from an incidence of 34% in children with 
non-smoking parents to 90% in children where both 
parents smoked. Children with one parent who 
smoked had an intermediate incidence. 

This repon Jed us to examine the reported 
alimentary illness among infants bom in Tayside. We 
examined disease incidence during the first year oflife 
in relation to several potential risk factors including 
parental smoking. 

Subjects and methods 

The data were gathered as part of the Tayside Infant 
Morbidity and Mortality Study. 2 The subjects were 
the infants of primigravidae who had made an initial 
booking at any of the Tayside antenatal clinics during 
1980. Health visitors interviewed the parents to obtain 
their ages, social class, ethnic groups, and various 
aspects of their housing and accommodation 
including the main methods of cooking and heating. 
Information on the father's smoking habits and on the 
mother's smoking habits during pregnancy was 
obtained at the first antenatal interview. Further 
information on her smoking during pregnancy was 
obtained from a post natal questionnaire completed by 
the mother while in hospital. As these data were 
provided by only 80% of the mothers and there was 


good agreement between the antenatal and postnatal 
responses, we classified smoking according to the 
former source. Current data (unpublished) for Tayside 
mothers indicate that although during pregnancy 
smokers reduce the number of cigarettes smoked, few 
abstain. Among families with smokers we found no 
trend of increasing infant morbidity with number of 
cigarettes smoked daily. In the light of these 
observations we categorised the parents according to 
whether or not they smoked, categories which could be 
expected to remain valid during and after pregnancy. 
A summary record was completed when the child was 
1 year of age and included a report on the child's 
illnesses during the first year of life derived from 
observations made by the health visitors during their 
scheduled visits to see the child. A paediatrician 
verified the diagnostic criteria and consistency. 

Disease incidence was defined here as the presence 
of at least one episode of illness recorded by the health 
visitor. An episode of respiratory illness was defined as 
infection of the upper or lower respiratory tract. 
Alimentary illnesses were mainly diarrhoea or 
vomiting, or colic. The separate medical conditions 
were not recorded for the collective diagnoses of 
respiratory and alimentary illness. 

The statistical methods used included chi squared 
for contingency tables, with partitioning and for trcndi 
M ultiple logistic regression and log-linear models were 
fitted using the computer package GLIM. 3 

Results 

A total of 1940 mothers were interviewed, representing 
over 95% of the mothers of first singleton children 
who booked at the antenatal clinics. Thirty of the 
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( y leaving 1910 on whom data from the initial interview 
' were available. This figure was reduced to 1565 (82%) 
infants on whom dau for a whole year were recorded; 
because some families left the region and some health 
visitors did not return the one-year follow-up 
information. One or more episodes of alimentary 
illness were observed in 27J infants (17 3%) and 
respiratory illness in 494 (31*6%). 

Initial tabulation of the data resulted in father’s age, 
cooking type, number of people living in the 
household, and whether the mother was working 
during pregnancy being discarded as either not 
important or containing information implicit in 
retained variables. The absence of a significant 
relation between respiratory illness and cooking fuel in 
this data .set has been described in detail elsewhere. 4 
Table I shows the incidence rates for alimentary and 
respiratoiy illnesses according to the main risk factors 


Table I Incidence rater (%) of reported alimentary and 
respiratory diseases in the first year of life according to five risk 
factors 


SU$k/mct0r 

A*. 

Abmnmry 

JUsp*Mry 

m*€u (h; 

Patent* «Boki&| 

Neither 

m 

MS 

241 

Father only 

331 

145 

331 

Mother only 

in 

19 2 

314 

fcxh 

439 

221 

364 

Noe known 

23 

130 

341 

P (eM-tquvt; 3df) 


<001 

<0001 

Miteui ip (yr) 

IS- 

334 

225 

37-7 

30- 

loss 

160 

301 

30- 

J43 

IW 

21-7 

P (chr-equart; Idf) 


<001 

<005 

Evading 

frost 

757 

152 

27 2 

bonk 

769 

199 

345 

Not known 

39 

77 

203 

P (ctu-eqaare; ldf) 


<003 

<005 

Heating type 

Central 

431 

174 

211 

Stonge 

170 

111 

25 9 

Coni 

213 

153 

274 

Gu 

in 

141 

37 9 

Electric 

543 

204 

350 

Others 

29 

24 1 

345 

P (tht-equarc; 5df) 


<oio 

<005 

Father 'a social dau 

I 

131 

132 

21-7 

II 

239 

113 

23 | 

IIU 

106 

110 

274 

Him 

621 

Ifrl 

331 

rv 

236 

116 

>47 

V 

142 

251 

324 

NOt known 

33 

210 

365 

p (chi equart for trend; Idf) 


<0001 

<0 05 

p {chr-eqnarc: manual * 

•oe-manuai. idf) 


<005 

<001 


Not kftow* cmtcfono emduded from caJculaiwra 


of parental smoking, maternal age. bottle feeding, type 
of heating, and social class. There were missing data 
for parental smoking, feeding, and fathers social 
class, as indicated. 

Among families with smokers there was no trend of 
increasing infant morbidity with number of cigarettes 



Both alimentary and respiratory illness showed a 
trend of declining incidence with increasing age of 
mother, and there was evidence of lower incidence 
among the breast fed than the bottle fed infants. 

The categories of heating type given in table 1 
correspond to the main type of heating used in the 
household. There were significant differences between 
heating types for respiratory illness only. Alimentary 
illness was strongly and positively related to social 
class whereas respiratory illness showed significantly 
higher rates among manual compared with non- 
manual groups. Both trends were consistent with a 
social class gradient; neither showed significant 
deviation from a linear trend. 

MULTIPLE REGRESSION 

Because the risk factors were correlated with each 
other, we analysed their combined influence using 
multiple regression. For this investigation, in order to 
reduce the overall number of categories, those 
individuals with ‘not known* or ‘other* responses on 
any variable (social class, heating, father’s smoking, 
feeding) were excluded from the analysis. In addition, 
social class was recoded simply as non-manual (I, II; 
Illnm) or manual (IHm-V). The total number of cases 
was thereby reduced to 1401. 

The incidence of alimentary illness was calculated 
for each of the cells in the contingency table defined by 
combination ofparenul smoking (4 levels), maternal 
age (3 levels), social class (2 levels), feeding (2 levels), 
and heating (5 levels). _ 

Of the single factors, parental smoking .^ahd 
maternal age were the most significant (table 2). AH 
the possible two-factor models were fitted, the results 
of two of which are shown. Stepwise inclusion of the 
factors suggested that parental smoking and age and 
possibly heating type gave a satisfactory description of 
the data. Including extra factors in the model or two 
factor interaction terms did not give further significant 
improvement in fit. 


t 


I 


ism 

- “T 


w 

o 

i\3 

CO 

CO 

GO 

ro 
to 
C£ 
C 0 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


Association of infant alimentary and respiratory illness with parental smoking and other environmental factors 23 

Table 2 Analysis of deviance (approximately distributed as Table 3 Regression coefficients (niih standard errors) in 
chi-square) for multiple logistic regression models multiple logistic analysis of alimentary and respiratory illness 
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The overall goodness of fit lest (G 2 * 193*0 on 164 
df) does not indicate a very good fit (p-0*06). This 
may be due partly to the large number of cells in the 
table with small denominators. Thirty-seven of the 174 
cells had a denominator of one, and 23 a denominator 
of two. 

The estimated parameters in the regression equation 
of the log-odds of incidence on parental smoking, type 
or heating, and maternal age show the positive 
association with mother’s smoking and negative 
association with age (table 3). The results are in 
qualitative agreement with the analysis of the crude 
rates given in table 1. While the families with only 
fathers who smoked apparently have a similar 
incidence to non-smoking families, the results are 
consistent within the limits of sampling variation, with 
mothers smoking being the main effect and father’s 
smoking habit having a smaller influence. Storage 
heating, gas and coal fired homes were associated with 
lower incidences of alimentary symptoms, though the 
significance levels of these coefficients are low. 

A parallel analysis was carried out using respiratory 
illness in the first year as the outcome variable (table 
2). The results of this analysis including other factors 
have been published elsewhere. 4 
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In the analysis of respiratory illness, parentatlf heating type. 


The presence of maternal smoking and; to a lesser 
extent, heating type as explanatory variables in both 
respiratory and alimentary illness suggested that it 
might be possible to fit an equation describing the 
dependence of both outcome variables on the risk 
factors simultaneously. Furthermore, one might lest 
for both outcomes on these common risk factors to 
determine whether the same children tended to 
experience both types of morbidity. 

We can distinguish between (i) where parental 
smoking has an effect on both alimentary and 
respiratory diseases, and (ii) where, in addition, the 
incidences of alimentary and respiratory illnesses are 
positively correlated. In other words, we can 
determine whether the risk of respiratory illness is 
greater if the child suffers from alimentary disease. 
This may be the case, for example, if there are other 
shared but unmeasured risk factors present* 

It is also desirable to assess whether the observed 
associations of parental smoking and heating type are 
consistent between the two outcome variables. 

The situation may be modelled according to a 
method used by Goldstein 5 in analysing longitudinal 
studies. A five-way contingency table is formed from 
the two binary outcome factors of respiratory and 
alimentary illness and the three explanatory (or ‘risk’) 
factors identified earlier parental smoking, maternal 
age (recorded as <25 years and 25 + years), and 


smoking was the most significant factor^hile heating 
type was also significant. None of the remaining 
factors gave further significant information when 
included in the analysis, though for comparison with 
the results obtained for alimentary illness, the 
equation with parental smoking, age, and heating type 
was also fitted. 


This contingency table may be modelled using 
log-linear models. 6 In the simple situation of a single 
outcome, interest lies in the interaction terms between 
this factor and the other explanatory factors. These 
terms and their standard errors may be estimated by 
maximum likelihood and their significance tested by 
omitting them from the model and assessing the 
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change in goodness of fit statistics. With a binary 
outcome factor the results obtained are equivalent to 
the results of a logistic regression of outcome on the 
explanatory factors. 

The log-linear approach can be extended to two 
outcome factors by defining a contingency table in the 
same way. First order interactions between each 
outcome factor and the explanatory factors have 
similar interpretation to the single outcome model 
The interaction term between the two outcome factors 
measures the tendency of the two outcomes to occur 
together. Higher order interactions between the two 
outcome factors and the rest reflect a possible 
modification of this association by the explanatory 
variables. 

In GLIM, we represent the observed frequencies by 
a vector and define GLIM ‘factors’ Yl, Y2, XI, X2, 
X3 to label the categories of the two outcome and three 
explanatory variables. Level 1 of Y1 and Y2 denotes 
absence of the disease, level 2 i ts presence. For the risk 
factors, similarly, Ifevel 1 denotes the baseline (lowest 
risk) level* determined from the earlier results. We then 
fit the following sequence of models: 

(1) XI, X2, X3 and all their interactions, with Y J 
and Y2 main effects. 

(2) Model 1 plus YI.Y2—allowing for association 
of the two outcome variables. 

(3a) Model 2 plus Yl.Xl, YliX2, YKX3* to 
represent the main effects of the X factors on 
‘ YL 

(3b) Model 3a plus Y2JC1, Y2JC2, Y2.X3, to 
represent the main effects of the X factors on 
Y2 

(4) Model 3b plus Y1.Y2.X1, YLY2.X2, and 
YJ.Y2.X3 which denote possible modification of the 
association between Y1 and Y2 in the presence of XI, 
X2, and X3 risk factors. 

The results of this modelling process showed that 
the data were consistent with the simpler model 3b 
without including the outcome interaction terms 
(table 4). Omitting the RESP.ALIM term from model 
3b gave an increase in deviance of only 0 80(1 df). The 
original approach of modelling alimentary and 
respiratory outcomes separately was therefore a 
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justified alternative, and the coefficients representing 
the effects of the risk factors on the two outcomes in 
the combined analysis (table 5) agreed closely with 
those from the separate regressions (table 3). 

An advantage of using the combined model is that' 
we can also test the consistency of the regression 
coefficients of Y1 and Y2 on one of the explanatory 
factors, eg, XL In GLIM, the same analysis as 
outlined above may be obtained with Y) and Y2 
declared as (0,1) variates instead of two-level factors. 
If we then compute a new variate YS« Y) + Y2 and fit 
model 3 with the Yl.Xl and Y2.X1 terms replaced by 
YS.X1 we effectively fit model 3b with the Yl.Xl and 
Y2.X1 interaction terms held equal. Imposing the 
constraints ALIM.PS~RESP.PS and 

ALIM,MA * RESP.MAdid not increase the deviance 
significantly (G 2 ** 103,4;df« 105), suggesting that the 
effects of PS and MA were consistent between the two 
outcomes. The resulting coefficients give the logistic 
regression coefficients on either outcome as: 

Only father smoking 0*24(0 ) 3) 

Only mother smoking 0-47(0* 15) 

Both parents smoking 0-46(0*11) 

Mothers aged >25 years —0*14(0*10) 

Imposing the further constraint that 
ALIM.HE**RESP.HE increases the deviance to 
G 2 ** 109-2; df* 109. This indicates that the difference 
between the effects of heating type on the two 
outcomes might be attributable to sampling variation. 
However, most of the increase in G 2 appeared to arise 
from differences between the effects of gas heating on 
respiratory and on alimentary outcomes. 

Discussion 

Thei general findin^ m pug data was that parental 
raoldjii 

alimentary and respiratory OInesrin ihe'first yeir of 

Table 5 Estimated coefficients m bilinear analysis of 
alimentary and respiratory illness 
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the childVJife, the associations being or similar 
magnitude This gives some support to the finding by 
Said et a! x of association between parental srookipjj 
and colic, though the effect in pufwbj^S^sc5S^®r 
diluted by the longer study period andf&e wider class 
of alimentary illness. 

A mechanism for the association between colic and 
parental smoking is unclear, though it may be due to a 
link between taste, smell, and reflex intestinal activity. 
There is the possibility that the observed association 
may not be causal but may reflect the fact that 
parental, and particularly the mother’s, smoking habit 
is associated with the child’s social and demographic 
characteristics, or more probably aspects of their 
home environment such as quality of care given to the 
child. For example, mother’s smoking might reflect 
inversely her maternal attitudes and personality and, 
as a result, the general level of health care provided to 
the child, including attention and mothering time. 
However the association with maternal smoking js 
found^fairly^consistently m our analysis, despite 
controlling for other factors. A further analysis in 
which a finer social class scale was used instead of type 
of heating resulted in similar estimated effects of 
smoking, showing that the effect of maternal smoking 
was resistant to controlling for other variablts. 

Maternal smoking, maternal education, family 
living standards, and quality of care provided to the 
child were included as potential confounding factors 
in a study in New Zealand? primarily aimed at 
quantifying the effects of breast feeding on respiratory 
and gastrointestinal morbidity. These factors 
accounted for some of the crude difference in 
morbidity rates between breast and bottle fed infants 
for respiratory illness but not for gastrointestinal 
illness. The effect of feeding type in our study was 
fairly small, possibly because it reflected only feeding 
practice on discharge from hospital, whereas more 
detailed follow-up information could have given 
greater importance to this variable. 

The evidence against smoking during and after 
pregnancy as it affects the health of the chid is now 
substantial. Maternal smoking is well known to be 
associated with low birth weight; it has been shown in a 
follow-up study to have substantial effects on 
pulmonary function;* parental smoking is associated 
with frequency of cough and respiratory illness in 
offspring'** 9 " 11 and with growth after birth 12 13 as well 
as the later uptake of the smoking habit. 14 13 This new 
analysis confirms the finding of Said ef at % 1 implicating 
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a further category of ill health associated with passive 
smoking. Each effect taken above may be small and 
within physiological limits but, when viewed together, 
they have an adverse influence on many aspects of 
child development. 


This study was funded by grants from the Tayside 
Health Board and the Scottish Home and Health 
Department. 
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ABSTRACT. The effect of passive smoking on respiratory symptoms 
of children aged 5 to 11 years was investigated in over 4000 English 
children and nearly 800 Scottish children participating in the 
National Study of Health and Growth in 1982. After adjusting for 
associations of respiratory symptoms with age, sex, and a number 
of potentially confounding variables, significant associations 
were found of wheeze, both occasional and persistent, day or night 
cough, and bronchitis attacks with number of cigarettes smoked by 
parents at home for English children and for occasional wheeze in 
Scottish children. Asthma attacks and cough first thing in the 
morning showed positive but not statistically significant 
associations in English children. The presence of at least one 
condition was statistically significant in both English and Scottish 
children. The largest relative risk for exposure to 20 cigarettes 
a day compared to no exposure was 1.60 for persistent wheeze in 
English children (95% confidence interval 1.17-2.18). 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383004 



Journal of Epidemiology and Community Health. 1*8#, 42, 10>-J JO 


Passive smoking and respiratory conditions in primary 
school children 
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summary The effect of passive smoking on respiratory symptoms of children aged 5 to I i years was 
investigated in over 4000 English children and nearly 800 Scottish children participating in the 
National Study of Health and Growth in 1982 After adjusting for associations of respiratory 
symptoms with age, sex, and a number of potentially confounding variables, significant associations 
were found of wheeze, both occasional and persistent, day or night cough, and bronchitis attacks with 
number of cigarettes smoked by parents at home for English children and for occasional wheeze in 
Scottish children. Asthma attacks and cough first thing in the morning showed positive but not 
statistically significant associations in English children. The presence of at least one condition was 
statistically significant in both English and Scottish children. The largest relative risk for exposure to 
20 cigarettes a day compared to no exposure was U60 for persistent wheeze in English children (95% 
confidence interval 117—2 18) 


Among the harmful effects postulated for passive 
smoking is a possible association between parental 
smoking and respiratory conditions in children, w hich 
has been investigated'in a large number of studies A 
review article 1 concluded that the studies were 
consistent in suggesting increased infections in 
children under I year of age but inconsistent in older 
children: As almost all found some effect of parental 
smoking, the latter conclusion seems to have been due 
to the lack of a significant dose-response relation in 
just over half the studies considered. 

The studies on older children have varied in the 
symptoms studied, in the age range of the children, in 
the proportion of parents who smoked, and in the 
potentially confounding variables that have been 
taken into account. A report of a workshop on the 
effect of passive smoking on children 2 listed nine 
groups of such variables that it is desirable to take into 
account. No study has included all of these, and most 
included only a few variables in one or two of the listed 
groups. This can be attributed largely to the fact that 
few 1 of the studies were designed to investigate passive 
smoking effects, and were opportune analyses on data 
collected mainly to investigate the relations in children 
between symptoms and lung function and a variety of 
environmental factors. 

Of even more importance to the detection of a 
dose-response relation the studies have differed 


markedly in size and in the measure of passive 
smoking The most usual measure was the number of 
parents smoking, providing lower power to detect a 
dose-response relation than a measure of the amount 
smoked A recent review 3 reported only three studies 
of young children in which the measure of passive 
smoking was cigarettes smoked per day , and just one 
study of older children 

The National Study of Health and Growth, an 
on-going surveillance stud> of the health and growth 
of primary school children in England and Scotland, 
was also not designed to investigate passive smoking 
effects. Dau on the number of smokers of five or more 
cigarettes a day in the child's home were collected in 
1977 as a confounding variable in a study of the 
relation of respiratory illness and outdoor air 
pollution 4 These data also suggested a negative 
relation of child's height to number of smokers in the 
home after adjusting for birth weight. 5 In order to 
study this association further, data on the number of 
cigarettes smoked at home by each parents and by the 
mother during pregnancy, were collected in 1982 6 No 
data on lung function were obtained 

Further examination of the 1977 data on English 
and Scottish children showed a number of statistically 
significant positive associations of respiratory 
symptoms with the number of smokers. Given the 
reasonable sample size.,the availability of data for a 
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Table l Number of children for whom data on each respiratory condition were obtained and the preralenct t hy j of each 
condition. 6> sex and country 
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Dumber of potentially confounding variables, and the 
almost unique data on amount of smoking in the 
home, it was decided to investigate the dose-response 
relation of symptoms to passive smoking, using the 
1982 data, in children aged 5 to 11 years. 

Methods 

In 1982 children took part in the study in 22 areas in 
England and five in Scotland. Dau on the child's 
respiratory symptoms, parental smoking, and family 
background were obtained from a self-administered 
questionnaire completed by the child's mother. 
Triceps skinfold thickness was measured as described 
elsewhere 7 and was included in the analysis as 
previously 4 a relation had been shown between 
respiratory symptoms and this measure of obesity. 

Each of six respiratory symptoms or illnesses, given 
in table 1. was analysed as a dichotomous, ic, present 
or absent, dependent variable using logistic regression: 
Any child with a missing value was excluded from the 
analysis of that symptom. The number of cigarettes 
smoked per day at home by the mother and father in 
total, the passive smoking component, and the 
number of cigarettes smoked per day by the mother 
during pregnancy with the child were each included as 
a quantitative variable. Two groups of potentially 
confounding variables were included in the regression 
analyses, those treated as quantitative variables and 
those that were categorical variables. The former 
group consisted of the child's age, birth weight, triceps 
skinfold thickness expressed as a standard deviation 
score, 7 mother's age, and number of siblinp. The 
categorical variables were: child's sex; father's soda) 
class, in four groups as non-manual, skilled manual, 
semi-skilled or unskilled manual, or other, father 
employed, unemployed or not known; child in one- 
parent family, two-parent, or not known; presence or 


absence of household overcrowding, defined as a ratio 
of people in the household to number of rooms of at 
least 1 25; mother's education as highest full-time level 
in seven groups, none or primary only, secondary or 
comprehensive school, grammar, technical or 
commercial college, university, other, or not known: 
Except as stated missing dau excluded a child from the 
analysis. 

Analyses were carried out with all these as 
independent variables and also with just parental 
smoking, age, and sex as the independent variables, for 
England and Scotland separately, and for the two 
countries combined. Analyses were also earned out 
for each sex separately and, using the fully adjusted 
model, with the dependent variable as presence of at 
least one of the respiratory conditions 

Ranks 

In 1982 there were 8118 children eligible to uke pan in 
the study; a questionnaire was returned for 87 8% of 
these children. 


Table 2 Distribution of cigarettes smoked per day by parents 
at home n England and Scotland 
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Ta We 3 kt suits of logistic regression analyses for England showing the association between respiratory symptoms and passive 
smoking* from the fully adjusted model 
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EREVALENCE OF RESriRATORY CONDITIONS 
Table 1 shows the number of children for whom data 
were obtained on each respiratory condition, which 
varied from 86-4% to 87 1% of the total eligible, and 
the percentage with each condition^ by sex and 
country : The prevalence of each condition was greater 
in boys than in girls but differed little between England 
and Scotland. 

DISTRIBUTION OF PASSIVE SNORING 

Dau on parental smoking were available for 75- 1% of 
children. The distributions of the number of cigarettes 
smoked per day by the parents at home are given in 
uble 2 for children in England and Scotland. Smoking 
by parents was more prevalent in Scotland than in 
England. 

relation of respiratory conditions to 

PASSIVE SMOKING 

After exclusions for misting data, primarily in 
respiratory symptoms or parental smoking, the 
number of children available ranged from 4337 
(634%) to 4371 (63-9%) for England and from 766 
<6090%) to 771 (61 3%) for Scotland. Table 3 shows 
the relation of six respiratory conditions to passive 
smoking for English children as estimated from the 
logistic regression analysis, adjusted for all the 
potentially confounding variables listed above. For all; 
children parental smoking was most strongly 
positively associated with ‘chest wheezy or whistling 
on most days or nights' (pcO-Ol) and also 
sigruficantly associated (p < 0 05) with ‘usually coughs 
during the day or night*, ‘chest ever sounds wheezy or 
whistling', and bronchitis attacks in the last 12 
months The relation was positive for the other two 
conditions Although results appeared to show some 
differences between boys and girts, no significant 


di/Terence, as assessed from an interaction term in the 
model, was found in the relation of passive smoking 
except for asthma (p<0-05), which showed a positive 
association (p<0 l) with parental smoking in'girls, 
and a non-sigruficant negative relation in boys. The 
relation of prevalence of at least one of the conditions 
was just significant (p< 0 05) for all English children. 

For Scottish children, who were fewer in number 
than the English children, the only significant relation 
of an individual condition to parental smoking was 
found for ‘chest ever wheezy' (p<0 0l). However the 
prevalence of at least one condition was significantly 
related to parental smoking (p<005). 

Results are given for England and Scotland 
separately as the relation of ‘chest ever wheezy* and 
*whee2e most days or nights’ to passive smoking was 
found to differ significantly between the two countries 
(p<0 05), ‘Wheeze most days or nights' showed a 
relation to passive smoking only in England, whereas 
‘chest ever wheezy' showed a stronger relation to 
passive smoking in Scottish children than in English, 
of similar size to that for persistent wheeze in English 
children. 

EFFECTS OF ADJUSTMENT FOR CONFOUNDING 
VARIABLES 

Table 4 shows the relation between passive smoking 
and each respiratory' condition adjusted only for age 
for boys and girls separately, and for age and sex for all 
English children Comparison with uble 3 shows that 
in most cases adjustment foT the potentially 
confounding variables generally' increased the 
sundard eTTors so there was a reduction in sunstieal 
significance, the nouble exceptions being ‘chest 
wheezy or whistling most days or nights' in boys, and 
bronchitis attacks in girls for which the regression 
coefficient increased considerably on adjustment. For 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 


2023383007 






108 


Shtena hi Somerville. Roberto J Rona. and Susan Chinn 


T*bk 4 Rendu of lot u tie regression analysts for England showing the association between respiratory symptoms and parenia? 
j making for the model adjusted only for age (and sex for all children) 
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Table 5 Estimates of prevalence (%) of respiratory symptoms and relative risk for children * of parents smoking no cigarettes. 
10 <md X agarettts at home per day . based on the fully adjusted model for all children 
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all Scottish children, adjusting only for age and sex, 
significant associations were found between passive 
smoking and ‘chest ever wheezy v (p< 0-01), ‘usually 
coughs during the day or night’ (p<0 05), and 
prevalence of at least one condition (p<0 01). 

ESTIMATES Of XELAT1VE RISK 
Table 5 gives examples of prevalence of respiratory 
conditions and relative risk (in parentheses) estimated 
from the regression coefficients in the fully adjusted 
model for the three conditions showing the largest 
associations with passive smoking in all English 
children. Compand with children whose parents do 
jot 

Children whose parents smoke 10 cigarettes a day in 
louTafhoiDe, and from 13 to 1*0 for those whose 
parents smoke 20 a dly . They art of necessity given for 
fixed values of the other independent variables but 
would not differ markedly for different values of these 
variables. The relative risk of at least one condition is 


lower, only just significantly different from 1 *0 at the 
5% level, but shows the estimated increase in the 
percentage of children suffering some respiratory 
symptom at the given levels of parental smoking. 


significant,,, positive^ 



conditions^ in children and .number of .apfettes 
smoked per day at home by their parents, but not 
consistently for all symptoms or in both countries. The 
result also differed to some extent from those found tn 
the 1977 data, in which the passive smoking variable, 
number of smokers of at least five cigarettes a day in 
the home, was significantly associated (p<0 05) with 
all six conditions except bronchitis in the last 12 
months. The analyses of the two years' data differed in 
the confounding variables taken into account, the use 
of gas for cooking and population density being 
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included in the 1977 analysis, bet not maternal 
smoking in pregnancy or mother'! education ot age. 
They were similar in the age range of the children, in 
sample size, and in the wording of the questions about 
respiratory conditions. 

Inevitably, other studies have differed in the 
symptoms or illnesses studied and in the exact 
questions asked However the largest study with a 
similar age range, 9 in which 10 106 children aged 6 to 
10 years were involved, found fagh/y significant 
associations (p< 0-001) between cough for three 
months or more of the previous year and wheeze most 
days or mghis with maternal smoking, and a less 
significant association (p<001) of bronchitis with 
maternal smoking, broadly in line with our findings. 

Other studies have also found significant positive 
associations between persistent cough and parental 
smoking. 10 " 12 and, although not statistically 
significant, a relative risk of 4 9 for persistent wheeze 
was found for children exposed to a smoker at home 
compared to those never exposed in a study of 626 
children under 15 years. 12 

The only other study 13 to include ‘cough first thing 
in the morning 1 found a positive association (p <0-05) 
in 12 year old girls after allowing for the child'i own 
smoking Many studies of passive smoking have 
included non-persistent wheeze, with various 
definitions, and some asthma or bronchmv About 
half of those obtained significant positive associations, 
and the rest non-significant associations. However, 
few studies have included all four symptoms of 
wheeze, cough; asthma, and bronchitis Apart from 
the question of pnme importance being whether 
passive smoking causes any harmful effect to children 
of primaryachool age, the nature of the effect being a 
secondary, consideration, the symptoms art not 
manifestations of distinct diseases. Analysis of single 
symptoms may fail to detect a real increase in the 
prevalence of a condition. In particular, an effect of 
passive smoking increasing symptoms of asthma may 
be missed if only a question about asthma is included 
due to underdiagnosis in many children with 
wheeze 14 15 and the fact that cough may be the only 
presenting symptom. 16 

Ho data were available on active Booking by the 
children as the questionnaire was completed by a 
parent However, even in the oldest age group and on 
the assumption that smoking by the child is strongly 
associated with parental smoking, the prevalence of 
active smoking would be too small to account for the 
differences in prevalence of respiratory symptoms. 
Dobbs and Marsh 17 reported a prevalence of regular 
smoking, defined as *at least one cigarette a week', of 
1% and 0% in first year secondary school boys and 
girls respectively, in England in 1982, and 5*/. and 3% 
in Scotland Of the groups of other confounding 


variables that have been suggested 2 that are relevant to 
children's symptoms as reported by the mother, those 
of other indoor pollutants art probably the most 
important ones not included in the analysis of the 1982 
dau lp the analysis of 1977 data the use of gas for 
cooking, an important source of nitrogen dioxide in 
the home, 1 * did not eliminate positive associations of 
respiratory symptoms with passive smoking 

Parental symptoms are on the list of potentially 
confounding variables, 3 and there is no doubt that a 
child’s symptoms show a relation to these * 10 13 19 
Howfever, as many of the symptoms of smokers will be 
a result of their smoking, adjustment for parental 
symptoms could remove a real effect of parental 
smoking on a child’s health] 20 Of the few studies in 
which the adjustment had been made the largest 9 20 
still found positive associations between child’s cough 
and wheeze and maternal smoking in over 10 000 6-10 
year old children. Lebowitz. 12 in a much smaller study, 
found statistical significance of an association 
removed by the adjustment. Schenker et a/ 19 found a 
positive association between chest illness on at least 
three days in the last year which persisted on 
adjustment for parental respiratory disease, but found 
no association before or after adjustment in chronic 
cough, phlegm or wheeze in 4000 children aged 5 to 14. 

Studies have varied in the prevalence of respiratory 
conditions and in the percentage of parents smoking. 
Whiie low values of cither may lead to statistically 
insignificant results in the presence of a real effect; the 
most important variation in the studies has been in 
sample size. The majority of studies provide no 
information on the amount smoked by parents For 
children of two parents who smoke the estimated 
relative nsk of the respiratory conditions studied was 
less than two compared to children of non-smoking 
parents in almost all studies. 3 The conclusion that 
emerges is that if there is a real effect of passive 
smoking on the respiratory health of children aged 5 to 
11 years, then it is a small one, and a large study is 
required for a high probability of its detection. 
Although results for the smaller sample of Scottish 
children were not significantly different from those for 
English children, except for wheeze, a significant 
relation was found only for chest ever wheezy 1 and at 
least one condition. For English children the largest 
relative nsk was for persistent wheeze, of 1 60 in 
children whose parents smoked a total of 20 cigarettes 
a day (95% confidence interval 1 17—2 18) and 1 16 
(100-1 34); for any symptom. The USA six cities 
study 9 found a relative nsk of l 3 for penmeni wheeze 
in 6 to 10 year old children whose mothers smoke 20 
cigarettes • day 

As the association is probably less strong than that 
for children under. 1 year, iti is to be expected that 
secondary,school children would show a weaker, or no 
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association of symptoms with passive smoking. We 
have therefore confined consideration of the literature 
to studies including broadly similar age groups. 41$ 
Jour studies* 13 2i " that we have kJcnufM^jaith an 
Analysis of dau for 6000 or mort chiklre^in;i|,wnilar 
*ge range to those in otj9fl 982 v £h|^B?umpit have 
Ahown at least ooe signif^at positive yaoaation with . 
.passive smoking. The two largest 21 22 also showed a 
dose-response relation. Our data havf supported the 
hypothecs of on 

{JuSdrea of this apt. Scepticism could be removed 
further only by a study of several symptoms in at least 
6000 children, including all potentially confounding 
variables as recommended, 2 with a quantitative 
measure of passive smoking by the child. 

We thank Professor W W Holland for his continued 
support and encouragement, Mrs. A Childs for 
preparing the manuscript, and all the fieldworkers, 
nurses, teachers, administrators, parents, and children 
who take part in the study . The study is funded by the 
Department of Health and Social Security and the 
Scottish Home and Health Department. 
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ABSTRACT. The synergism of passive smoking and artificial feeding 
on hospitalization for respiratory illness in early childhood was 
examined among 2,227 subjects born in the last quarter of 1983 in 
Chang-Ning District, Shanghai, People's Republic of China. The 
eligible families were visited by the trained interviewers. A 
loglinear model shows no interaction on a multiplicative scale 
between these two factors on the frequency of hospitalization for 
respiratory illness during the first 18 months of life. However, 
the synergism of passive smoking and artificial feeding on the 
consequence was detected by using Rothman's approach that these 
two synergistic agents worked together producing a detrimental 
effect much more than that expected by their separate actions. 
These data suggested that it is more important to stop smoking in 
the families where the infants were artificially fed. 
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Synergistic Effect of Passive Smoking and 
Artificial Feeding on Hospitalization for 
Respiratory Illness in Early Childhood* 


Yue Chen . M.D.. Ph.D.1 


The tywifttn of putrw swolrmg —d (reding cm 

AoepruKftxm for res p ir tiory {finest is early childhood was 
summed among 1 £17 subjects bom is the tail quarter of 
1983 m Chang-Ning Distnct, Shanghai* Copies Republic 
U China. The eligible families were visited by the trained 
btervirwen. A logfinear model lho«n no interaction on a 
multiplicative scale between these two lectors on the 
frequency of bocprtaiiration for r e sp i r at or y {finest during 
the first 18 months of Hfe. Hrnne r, die synergism of 
passive smoking and artificial'feeding on the co nseq u en ce 

O ur earlier papers presented that household expo¬ 
sure to totacoo smoke and artificial feeding are 
both important risk factors of hospitalization/or res¬ 
piratory illness during a child's first 18 months of life 1 * 
The combined effect of these two factors seems even 
greater than that expected by their separate actions > 
Although this picture is not statistically significant ini 
the above study due to limited sample size, it was 
hypothesized that there may He synergism between 
these two agents that the infants artificially fed are 
more vulnerable to be Hospitalized for respiratory 
illness caused by passive smoking in early childhood 
In this analysis, the data of Chang-Ning Epidemiologic 
Stud) of Childrens Health 1 was further examined to 
identify the potential synergism of passive smoking 
and artificial feeding on hospitalization for respiratory 
illness during the first 18 months of life. 

Methods 

TV study (wm tV tnti] *7T* nf Chang-N mg District. Shanghai, 
fhoples Republic of Chin* All 2.315 hvr birth baVe* bom tn tV 
quarter of 1983 in thi* area were selected a* tV stud* 
population TV survey ««( co«di*ied (tuning tV period fmm 
March to June 1985 »brn tV children just reached the age nf one 
and half yean Each qr vert format re «a administered and recruited 
Id each child* home by trained interviewer* This questionnaire 
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•From the Department of Epidemiology School of Public Health. 
Shanghai Medical University, Shanghai, feopfos Republic of 
China 

t Presently at Department of Epidemiology fc Bioatatistici, Kresge 
Building The University of mfc s tfrn Ontario. London. Ontario. 
Canada 

Manuscript r ec ei ved May 10. 1968, revision accepted September 

X 


wm fo tw itd by wing Rothmans approach that these two 
tya er g i stic agent* worked together pro du cin g a det rim ental 
affect much wort than th* expected by their arparatr 
wtmu. These data suggested that it is were important to 
flop —wiring In the femftiet where the fcfenti were 
artificially fod. fCW JM9. $$;1004-07) 
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nee 

percent Selected characteristic* of tV pc 
Table 1 

TV diagrvTK.iv of VnpitaliwitNm fi* revj- 
ICD (9th revision)* code* 460 . 462-466 4 
786 2 

TV children studied mere divided mtn 

Tabic 1 — frequency of SfUrltd C 
q f thr Popuiofson 

in 

h.d. 

493 

oling 


No 

* 

Mean 

SD 

Set 





Bo** 

1155 

51 9 



CitU 

1072 

46 1 



Multiple birth 





Nn 

tlM 

96.1 



Vr* 

43 

19 



Feeding type 





Breast or mned 

1483 

66 6 



Artificial 

744 

334 



Day-care nursery 





Nr> 

1720 

77 2 



Vr* 

Sn? 

12 6 



Fat Vri education 





University 

to n 

96 



Secondary 

1999 

69 S 



Phmarv 

88 

13 



Coal used for cooking 





No 

960 

44 0 



Vr* 

1147 

56 0 



Aduh(i) in famih m-Hh 





chronic respiratory disease 





Ves 

896 

178 



No 

1*31 

*2 2 



Cigarette* smoked daily 





by family members) 






481 

81.6 



1-19 

993 

44 6 



B04 

753 

338 



Birth weight, kg 



38 

044 

Maternal age at birth, yr 



88 2 

3 01 

Average income, yuan 



386 

9 51 

Number nf room* 



85 

1 20 

Total living area, m" 



ts o 

19 46 

Average hvmg area per person: m f 



5 4 

4 32 
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groups accortimjt to total mrmbrr of cigarette* rmokrd daily by 
fetnfK membfrv none, ] to 10 cigarrtlev'day. and 20+ cigarettes/ 
day; and two feeding group* a completely artificially fed group 
which consisted of the infants who had never beerv breast-fed and 
a group of breast-fed infant* which consisted of those who were 
fullv or partially breast-fed at any time in the first ten month* of 

h ft 

Incidence density (TP) was med to measure the frequency of 
hospitalization 1 The point and interval estimation for Rothman's 
Index S mas used In measure the synergistic effect nf passive 
•molting rnlth artificial feeding upon hospitafiration on an additive 
scale * Confounding factors were adjusted by stratified analysis. 
Denoting the standardized incidence density for lisle indicator 
category i, J as SIDij, the Rothmans index of the joint risk-indicator- 
specific sets of strata is computed hy 

SIDij - SIDo o__ 

S,j *SlD>n+SlDoj-2S!Doo’ 

«td taking for the pooled point estimate 
Wij»S.j 
‘ Wij* ‘ 

Wij* * WijEij. 

Here. E»j is the corresponding theoretica] joint effect under 
independence', and Wij is the weight for that category The standard 
error of the natural logarithm of S mas evaluated by using first order 
Taylor senes approximation • 

Results 

There were 1,746 smoking families, 78.4 percent of 
the totals in which (786) only the father smoked, in 
261 only another family members smoked; and in 699 
both father and other family members smoked. No 
mothers who were smokers were found. The crude 
IDRs were 2.5 for 20+ cigarettes per day group and 
1.7 for 1 to 19 cigarettes per day compared to 
nonsmoking families. The influence of passive smoking 
on the other diagnostic categories is not statistically 
significant. The independent effects of passive smok¬ 
ing have been detailed elsewhere. 3 

In this study, artificial feeding is another important 
risk factor of hospitalization for respiratory illness in 
early childhood One third of the children were totally 
artificially fed up to ten months. The frequency of 
hospitalization for respiratory illness among artificially 
fed children is about two times higher than that among 
breast-fed ones (1BR *= 1.9, p<0.01). Table 2 presents 
the incidence density of hospitalization for respiratory 
illness during the first 18 months of life by smoking 
status of family members and childrens feeding type. 

shows that the risk increased with the increasing of 
amoking amount by family members among these 
artifically fed children more rapidly than that among 
the breast-fed ones. It seems that the artificially fed 
children are more susceptible to respiratory fitness 
due to household exposure to cigarette smoke . Figure 
1 pictures a framework of the combined effect of 
passive smoking with artificial feeding on the inpatient 
admission for respiratory illness during the first 18 
months of life. 

Table 3 shows the IDRs of hospitalization for respi^ 


Table l— Incidence Densities af Hospitalization for 
Respiratory Illness m Early Childhood by Passive Smoking 
mad feeding Type 


Cigarette* Smoked Daily by 
Family Member* 


Feeding Type 

None 

1*19 

90 + 

Total 1 

Recast or mixed 

Cose* 

13 

34 

35 

82 

^rson-yean 

♦155 

1011.0 

768 0 

2224 5 

ID l/ytu) 

0.0292 

0.0336 

00*56 

00369 

Artificial 

Cues 

9 

36 

35 

80 

^rsoo-year* 

276 0 

478.5 

361 5 

1116 0 

ID Vytti) 

0.0326 

0.0752 

0.0068 

0.0717 

Too) 

Cases 

22 

70 

70 

162 

Person-year* 

721.5 

1489 5 

1129:5 

3340 5 

ID (/year) 

00304 

0.0470 

0.0620 

0 0485 


ratory illness of various groups combined passive 
smoking with feeding type compared with the breast¬ 
fed children without exposure to cigarette smoke in 
the household before and after adjusting covariates 
including sex, birth weight, and fathers educational 
status. Rothman's approach detected a significant syn¬ 
ergistic effect of these two factors on the hospitalization 
for respiratory illness during the first 18 months of 
life. The pooled point estimate of Rothmans index S 
is 3.8 with the 90 percent confidence interval from 
1.24 to 11.34 after adjusting the confounding factors 
Analysis by using loglinear model show s the interac¬ 
tion on a multiplicative scale between these two factors 
is not statistically significant. 

Discussion 

This report depicts the joint effect of passive smok¬ 
ing and artificial feeding on the hospitalization for 
respiratory illness during the first 18 months of life 
that passive smoking worked together with artificial 
deeding would produce a detrimental effect much 



Ficrui 1. Combined effect of passive rmokmg «nd artificial feeding 
on Hospitalization during firxl 18 months oflife 
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Thhlc 3 — Syrwrprm cf Hmrt Smoking mnd feeding Type 
on Uorptiakzatkm for Ktrpirdory lUnem m tarty 
Childhood 


Cigarettes 
Booked daily by 
fcmily member!*) 

Fwrhng type 

Unadjusted 

OR fiij 

Adjusted* 

IDR Sij 

None 

Brea* or mixed + 
Artificial 

1.00 

1.12 

1.00 

1.10 

1-19 

Breast or mired 
Artificial 

1.15 

186 5.90 

1.22 

2.91 6.97 

*n 

Breast or mixed 
Artificial 

1J6 

3.32 3.41 

1.64 

3.37 3.20 


* Adjusted variables toduded: aes, birth weight and lathers educa¬ 
tion. 

t Refe r e nce group 


more than that expected by the separate action of 
these two factors. 

The reports concerning respiratory infection and 
artificial feeding have been conflicting. Several studies 
have shown a significant association between them, 7 ' 15 
but not others. , **° Although information needed to 
evaluate the conclusions was not included in most of 
studies. Methodologic problems might explain a part 
of these differences. 11411 The results of this report 
based on a larger study population add weight to our 
earlier conclusion that artificial feeding increased a 
risk of hospitalization for respiratory illness in early 
childhood. 

Although many studies pictured an increased risk 
of respiratory infection associated with passive smok¬ 
ing and artificial feeding, none explicitly described the 
interaction between them with the health outcome. 
The possibility of interaction was mentioned only in 
the study by Watkins et aP besides our earlier report.* 
After examining the type of feeding and respiratory' 
infection in the first year of life, in the study by 
Watkins et al, # they found that high-risk infants 
appeared to benefit more from breast-feeding. The 
estimated incidence of respiratory infection in artifi¬ 
cially fed infants, predicted by fitting a general inter¬ 
active model to the data, ranged from 42 percent in 
boys with more than two siblings, whose parents 
smoked and mothers reported cough and phlegm to 
4.9 percent in girls with no siblings neither of whose 
parents smoked dot reported cough or phlegm. In the 
breast-fed infants, the comparable estimates were 30 
percent to 2.6 percent. The difference between 12 
percent predicted attributable risk reduction for high- 
risk infants and 2 percent for low-risk infants reflects 
the interaction between type of feeding and mixed 
effect of sex, siblings, parental smoking status, and 
maternal respiratory troubles But the interactive 
effect of parental smoking with type of feeding was 
not isolated in this study. 

1006 


In this study, the child’s sex is another predictor of 
hospitalization for respiratory illness. The ID was 
O.O&Vyear in boys vs 0.042/year in girls The synergis¬ 
tic effect of passive smoking and artificial feeding is 
evident in both groups The incidence density ratios 
were 3.2 in artificially fed boys whose family members 
smoked, compared with breast-fed boys, and 1.2 in 
those only whose family members smoked and 1.1 in 
those only artificially fed, and they were 3.2, 1.5 and 
1.1, respectively, in girls. 

For epidemiolbgic studies of the health effects of 
infant feeding, various potential sources of bias are 
considerable. In this study, all infants were classified 
dichotomously. The breast-feeding group consisted of 
infants who were completely breast-fed during the 
first ten months of life, some who received only a few 
feedings of human milk, and others who fit between 
these two extremes. The effect of artificial feeding on 
the hospitalization for respiratory' illness is probably 
underestimated ^ Although the duration of breast¬ 
feeding can be alternatively used to evaluate the 
protective effect of human milk feeding, selection bias 
will probably emerge.* 3 Since infant feeding is a one¬ 
way street, the children are often placed on artificial 
feeding when they fail to thrive and become ill, and 
children who are breast-fed exclusively for a prolonged 
period of time are likely to be extremely healthy * 3 ' 25 
As Kramer said, the investigator must often navigate 
between the Scylla and Charybdis.® Dichotomous 
classification of infant feeding in this report, for 
another reason, can keep the number of each subgroup 
sufficient for stratified analysis. 1 

In most studies from developed countries, it seems j 

a knotty problem to distinguish between the effect of J 

maternal smoking during pregnancy and the effect of ! 

environmental exposure to cigarette smoking;* How- j 

ever, young women smoking is very rare here, and no I 

young mother who smoked was detected in this study I 

and in others as well. lJ>J7 Other potential sources of 
bias have been discussed in detail elsewhere. 3 

Many studies have explored the possible mecha¬ 
nisms of the protective effect of breast feeding and 
the detrimental effect of passive smoking on the health 
outcomes.** 40 Breast milk is considered the best infant 
food due to its cleanliness, nutrition and content of a 
number of anti infectious agents which make infants 
able to resist the invasion of certain pathogenic agents. 
Environmental tobacco smoke can be a substantial 
contributor to the level of indoor air pollution concen¬ 
trations of the respiratory particles benzene, acrolein, 
N-nitrosamine, pyrene, and carbon monoxide.* 0 Al¬ 
though the evidence is not yet convincing for the 
synergism of passive smoking and type of feeding, this 1 
will not stop us from tendering advice that it is more 
important to keep the artificially fed children from 
^tobacco smoke pollutants/ 

CNhfwod Omn) 
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in children: association with respiratory symptoms and passive 
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ABSTRACT: Objective — To investigate the relation' 
between snoring: and various respiratory symptoms in passive parental 
smoking. Design — Data were collected by questionnaire. Setting 
— Primary schools in' Guardiagrele and Francavilla in the Abruzzi 
region' in central Italy. Subjects — 1,615 Children aged 6-13 
years were categorised! [sic] according to whether they snored often; 
occasionally apart from with colds; only with colds; or never. 
Results — 118 Children were habitual snorers and! 137 were reported 
to snore apart from when they had colds. Never snorers (n = 822) 
were significantly older than children in other categories. Snoring 
was significantly associated with rhinitis, production of cough 
and sputum, previous tonsillectomy, and passive parental smoking. 
Of the habitual snorers, 82 were exposed to passive smoking. The 
prevalence of habitual snoring increased significantly with the 
number of cigarettes smoked by parents (from 5 . 5 % in moderate 
smoking households to 8 . 8 % in heavy smoking households). 
Conclusions — Snoring is quite common in children. The dose-effect 
relation of smoking and snoring shown in this study adds weight to 
a further adverse effect of parental smoking on children's health. 
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Abstract 

Objecftw—To investigate the relation between 
snoring and various respiratory symptoms and 
passive parental smoking. 

design—Data were collected by questionnaire. 

5erring—Primary schools in Guardiagrele and 
FrancaviUa in the Abruzzi region in central Italy. 

Subjects — 1615 Children aged 6-13 years were 
categorised according to whether they snored often; 
occasionally apart from with colds; only with colds; 
or never. 

Results—US Children were habitual snorers and 
137 were reported to snore apart from when they had 
colds. Never snorers (n = 822) were significantly 
older than children in other categories. Snoring was 
significantly associated with rhinitis, production of 
ctmgh and sputum, previous tonsillectomy, and 
passive parental smoking. Of the habitual snorers, 82 
were exposed to passive smoking. The prevalence of 
fcabituaJ snoring increased significantly * with the 
number of cigarettes smoked by parents (from 5-5% 
in moderate smoking households to 8*8% in heavy 
smoking households). 

Conclusions — Snoring is quite common in 
children. The dose-effect relation of smoking and 
snoring shown in this study adds weight to a further 
adverse effect of parental smoking on children's 
health. 


Introduction 

Although snoring is often regarded as trivial, it has 
been associated with hypertension,* ‘ heart disease, '* 
and stroke,* and it is considered to be the first 
step towards the development of the sleep apnoea 
syndrome.’* Heavy snorers can suffer obstructive 
apnoea and alveolar hypoventilation during sleep as 
well as an increase in pulmonary' and systemic arterial 
pressures.*’ 

Bloom and coworkers have found that cigarette 
smoking, obesity, male gender, and age are risk factors 
for snoring and that snoring is associated with cough 
and sputum production. * Snoring is common in adults 
(24-71% of men and 14-52% of women"), and the 
prevalence tends to increase with age.* 

Snonng during childhood has been investigated only 
in selected clinical samplts, and it has been found to be 
associated with sleep apnoea and related symptoms 
such as excessive daytime somnolence, hyperactivity, 
and behavioural or intellectual changes.'"’ These 


observations suggested that chronic snoring in a 
child should prompt appropriate investigation and 
treatment. J Despite evidence of the clinical conse¬ 
quences of snonng no data are available regarding the 
prevalence of snoring in a general population of 
children. 

We investigated the prevalence of snoring in a 
general population sample of children aged 6-13 years 
and the occurrence of snonng in association with 
age, sex, respiratory' symptoms, and parental passive 
smoking. 

Methods 

The study was conducted in two towns in the 
Abruzzo region (Guardiagrele and FrancaviUa,' in 
central Italy. We studied the overall population of 
schoolchildren in the first degree (aged 6-11 years) 
(1907 subjects: 964 boys and 943 girls; and in the 
second degree (aged 10-13 years) (455 subjects: 235 
boys and 220 girls) The rate of compliance was 97%. 
To avoid possible bias towards non-snorers we ex^ 
eluded from the analysis children who had been 
sleeping alone because the prevalence of snonng in 
these children was significantly lower than in children 
sharing a bedroom with'siblings or parents (3-6% v 
7-3%; y ;* 10-7; p«0*00 II), The excluded sample (747 
subjects: 389 boys and 358 girls): did not differ as 
regards age. sex, respiratory symptoms, and smoking 
habits of the parents from the examined group (1615 
subjects: 810 boys and 805 girls, aged 6-13 years). 
Data on snoring, respiratory symptoms, and parental I 
smoking were obtained from a modified American 
Thoracic Society children’s questionnaire/' which was 
completed bv the parents. 

DEFINITIONS 

The question concerning snoring was: “Does your 
child ever snore?” On the basis of the answer four 
categories were formed: (1) never; (2) only with colds; 
(3) occasionally apart from with colds; and (4; often. 
Children included in the last category’ were defined as 
habitual snorers. 

Asthma was defined as an affirmative response to a 
question about whether the child had been told that he 
or she had asthma by a doctor. Rhinitis was defined in 
terms of response to the following question : ‘Has your 
child ever had rhinitis (stuffy and running nose, itchy 
eves, sneezing;?” Cough and phlegm were defined as 
cough or phlegm that occurred apart from with colds. 
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Lastly, parents were asked if their child had had a 
tonsillectomy because of throat infections. 

Households in which both parents had never 
smoked were classified as non-smoking; those with 
either one parent or both parents who were current 
smokers (that is, currently smoking at' Ifcasi one 
cigarette each day or having stopped smoking within 
the past 12 months.) were classified as smoking. 
Smoking households with smokers were classified into 
moderate (summed total for both parents of less than 
20 cigarettes each day) and heavy smokers (summed 
total of 20 cigarettes each day or more). Duration of 
parental smoking during the child’s lifetime was also 
recorded. 


STATISTICAL ANALYSIS 

The mean age of the children in the four categories 
of snoring was compared by variance analysis and 
orthogonal comparisons. 1 * The categories were 
analysed with reference to sex and parental passive 
smoking and also to asthma, rhinitis, cough and 
phlegm, and tonsillectomy by giving an arbitrary score 
to each category (never*-3, only with colds®-1, 
sometimes apart from with colds® 1, and often®3), 
and the significance of linear trends was tested.'* We 
present the odds ratio referring to habirual snorers 
compared with non-snorers with 95% confidence 
intervals.* As smoking has been implicated as a risk 
factor for snoring 1 ' stratified techniques were utilised 
to adjust for the effect of passive smoking.” We 
calculated 95% confidence intervals for the Mantel- 
Haenszel weighted odds ratio.-'* Children who snored 
only with colds and children w*ho snored sometimes 
apart from colds were excluded from the stratified 
analysis. 

The prevalence of habitual snoring compared with 
that of never snoring was compared in children from 


TAB LX l — Prevalence of snonng m children < ** 1615 ^according to aft and tex 



Never 

OnJv mih 
colds 

Apart from 
with colds 

Habitual 

No *% nl children 

122 M> 9 

538 33 3 

157 8 5 

118 7 3 

9* N Confidence interval N 

48 to 53 

31 to 36 

r to to 

6 to 9 

No “• bos-s 

398 49 l! 

286 35 3 

67-8 3 

59-3 

95 V Confidence interval N 

46 to 52 

32 to 38 

6 to 10 

6 to 9 

So V oi(prh 

424 52 

252 31 3 

70 8 7 

59 7 3 

95 V Confide net interval V 

49 jo 56 

28 to 34 

7 to It' 

6 to 9 

Mean SD a#r years 

9T50I??' 

9 31 1 75 

9 33 178 

9 39 1 78 

Coohdence interval N t 

9-6 to 9 86 

*16 to 9 46 

903io964 

9 06 to 9 72 


non-smoking household and household', with, 
moderate smokers and heavy smokers hv the / test for 
trend. 

Weights of> zero were assigned to the non-smoking 
group and the median numbers of cigarettes smoked to 
the two smoking groups 10 and 22. respectivelv . A 
p value <0 05 was considered significant. 


Results 

In all, 118 children 7 3%; 59 boys and 59 girls were 
habirual snorers and 137 - 8 5%: 67 bovs and 70 girls 
were reported to snore apart from when thev had 
colds (table L. Mean age differed significantly in the 
four snoring categories (variance analysis F = 7 27; p= 
(F0002). Never snorers were significantly older than 
children in other categories (F= 19 7;p<0 001 There 
was no difference in the prevalence of snoring between 
girls and boys (y;*0-43;. 

There was a relation berween prevalence of snoring 
and several respirators- symptoms stable U . Snoring 
was significantly associated with rhinitis . r/- = 23 9; 
pcOOOOSj: rhinitic children were more than twice as 
likely to be habitual snorers iodd$ ratio®2 93. 95% 
confidence interval 1 70 to 5-00,. The relation between 
rhinitis and habitual snoring was not affected by the 
presence of passive smoking table III n. 

Asthmatic children were more likely to be snorers 
than other children (y; = 5-6; p<0*025), but risk of 
habirual snoring did not achieve significance lodds 
ratio® 1*88; 0-98 to 3 50j. Cough and sputum produc¬ 
tion were associated with an increased prevalence of 
snoring (y/ = 1106; p<0 001 > (table II). The nsk of 
habitual snoring was also significantly increased -odds 
ratio® 1-84; I 09 to 310). Cough and sputum produc¬ 
tion was still related to habitual snonng after adjusting 
for passive smoking i table III), but the association was 
stronger in children whose parents did! not smoke 
(2 52; 1 02 to 6 07 ) than in children exposed to passive 
smoking (156; 0-79 to 3 03). 

Prevalence of snonng was also increased in children 
who had had tonsillectomy (y : = 14 05; p<0 0005i 
(table II). The prevalence of habitual snoring was 
increased about twofold (12*6% r 6 5%; odds ratio® 
2-66; 1 60 to 4 47j The relation of tonsillectomy to 
habitual snoring was not affected by the presence of 
passive smoking (table III ), but'the risk of habitual 
snonng was higher m children from smoking house- 


TABLE ll— Prevalence of mormg tit ckitdren V h~ 1615tac(ordtng to presence of various respiratory symptoms 



Nevn 

n-622 

Onlv »nh 
colds 
n-538 

Apan from 
with colds 
n- 13? 

Habitual 

b-118 

7 Trend 

p Value 

Odds ratio* 

Gonodetvc 
intern *1 

No ,N with rtuniui 

95V Cathkaa interval . S' 

69 8 4 

6 to 10 

76 14 1 

11 !to 17 

25 16 8 

10 to 2? 

55 29 “ 

21 to 38 

, 23 90 

<0 005 

2 93 

1 *) to* 

No % • with asthma 

95 S Coafcdtact interval N 

59 7 2 

5 to 9 

54 100 

7 to 12 

14 10 2 

5 to 15 

15 12 : 

T to 19 

590 

<0 02* 

l M 

0 9k to 3 50 

No ■ V with cough or phkjrn 

95S CwMfact tmcrral V 

100 12 2 

101© 14 

102 19 9 

16 to 2? 

25 11 2 

12 to 25 

24 20 3 
l3*o 27 

i ll 06 

<0001 

1 84 

10* to 3 10 

No who hod had umsdtectofnv 

95 V Confidence imcrval N 

79 9 6 

8 to 12 

t? 16 2 

13 to 19 

15 109 

6 to 16 

26 22 

15 to 29 

1405 

<0-0005 

296 

190to4:4“ 


•Never sffonnf r babiruaJ nonut 


TABLE m— Relatrve nsk >odds ratios • of habitual monsif for children truA rfcmttu. cough or phlegm 
ami umsiUectomy ajur adjustment for passive smoking 



Children from Children from 





smokjji| 

•oo-ansofcin* 



p Value 


households 

households 

All children 

7." 

Rhinitis 

9*N Confidence interval 

2-78 

l 42 to 5 43 

3 22 

1 23 to 8 22 

2-92 

1 75 io4 15 

f 16 9 

<0 0005 

Coufh or phlefm, 

1 56 

2 52 

1 84 

5 2? 

<0 025 

9**v Confidence interval 

0 79 to 3 03 

102 to6 07 

M2 to 3 01 

Tonullectoim 

321 

1 53 

292 

. 13 90 

<00005 

9*s Confidence interval 

I 70 to * 98 

0 49 to 4 49 

1 59 to 4 32 


•Mafiiri-Haenuri test 


holds (3-21;T 70 to 5 98; than in children from non¬ 
smoking households > 1-53; 0 49 to4 49). • 

Of the touLsample, 959 children '.59 4% • had either 
one parent or both parents who currently smoked 
(table IV). Snoring was closely related to passive 
parental smoking. Children of smoking parents 
were more likely to be snorers than children > whose 
parents never smoked (y;= 18 5: p<0 0005 „ Of the 
118 habitual snorers 82 (69% i were exposed to passive 
smoking (I 85: 1 20 to 2 89.. Complete data on the 
dailv amount of cigarettes smoked by parents were 
available for 922 of the 959 children ;%% i table IV i. 
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r\RUi — P+r .v jt •Hi*™* n v nirJn^ /6/.5 a..J tan:?:--' ;\rvm< 



Nev cr 

OnK with i 
colds 

Apart tmm 

U-Ith 

HtbuuaJ 

/ Trend 

P \ ilUtf 

< Ajj; rjtk'* 

1 •nnjL-svi. 

j 

No ** non-smokers 

95*« Confidence interval i *• 

36* 44 g 

41 to4« 

215 40 0 
36io44 

37 27 0 

20 to 34 

36 30 5 

22 to 39 





Tout No N snoken 

95 N Confidence interval N 

454 55 2 
52 to 58 

123 60 0: 
54 io44 

100 ‘3 0 
Mho80 

8? 69 * 

61 to '8 

185 

<00005 

1 

1 2 i" 2 v 

No N moderate umokerst 

95N Confidence interval *• 

209 26 1 

23 in 29 

IF? 29 1 

25 to *3 

47 348 

2“ io 4 3 

37 32 2 

24 to 41 

13 4! 

<0 0005 

1 81 

! im-i.. : - 

So N heaw vnokervt 

95 N Confidence tntcrvmJ N 

225 V 9 
>4 to 42 

158 42 4 
37to4‘ 

51 58 0 

48 to 68 

42 53 8 

43 to 65 

14 8 

<0 0005 

1 91 

l 16 it* t i 


•Never &oonnj r habitual snorui* 

+Dulv number ol'ctfatftttei imoked bv parents *»* known lor 922 children. 


All of the parents who smoked had started smoking 
before the birth of the child. PrevaJence of snoring was 
increased in children both from moderate smoking 
households (y;«13 4; p<0 0005), and from heavy 


smoking households (x : * 14-8; p<0*0005,u PrevaJence 
of habitual snoring increased with the amount of cigar* 
vtttes smoked (8*8% in children from heavy smoking; 
householdsl yoddaratio* 1*91; I-16 to 5*10) compared 

_acsMi^ MSpecxxvcIyXr 'T'bis dose related^ effect'©f 

passive smoking was s i gn i fi ca n t (r“9*04; p<0*005). 


Discussion 

JJFe found that respiratory symptoms such as rhiniffl 
and cough or phlegm production, a previous tonsidp 
fettomyvtai passive parental smoking were associates 
with* ah increased prevalence of snoring. As far as we 
know this is the first report of the prevalence of 
snoring in a general population sample of children. 
The prevalence of snoring was 7-3% in the overall 
sample. The accuracy of reporting snoring can be 
influenced by several factors. Firstly, reported snoring 
is arbitrarily defined.’ 4 *" Secondly, questionnaire data 
may underestimate the true prevalence of snoring.* 
Thirdly, as the subject is usually not aware of snoring 
answers mostly depend on the parent, and this bias can 
be further increased in children whose parents do not 
sleep in the same room. We have been able to reduce 
this bias only by excluding from the analysis children 
sleeping alone. The actual prevalence of snoring in 
children may be even higher than that observed. 

Prevalence of snoring tended to decrease with age. 
As snoring depends on pharyngeal size**' older children, 
because of larger pharyngeal cross sectional areas, may 
have a lower risk of snoring than younger children. In 
our simple prevalence of snoring was equal in boys and 
girls whereas a predominance of snoring in men is a 
common finding in adult populations.* 4 *'* This dis¬ 
crepancy may be due to the prepubertal age of 
our sample. Testosterone has an apnoea promoting 
effect,- whereas progesterone is a respiratory stimu¬ 
lant” and may enhance activity of the pharyngeal 
dilator muscles.* Thus these hormones may play 
respectively i positive and an inhibitory role in the 
development of snoring in men and in women. More¬ 
over, it has been shown that prevalence of snoring 
increases pr ogre ssiv ely in men after 20 yean of age, 
whereas in women this increase occurs only after 40 
yean of age.* 

Rhinitis was associated with an increase in preva¬ 
lence of snoring. Bloom and coworkers failed to find 
this relation in adults.** Rhinitis has, however, been 
found more commonly in snoring children than in 
snoring adults,” and it has been shown that high nasal 
airflow resistance can increase both the incidence of 
snoring” and of obstructive sleep apnoea. " * 

A weak association was observed between snoring 
and asthma, but the risk of habitual snoring was not 
significantly increased in children with asthma. This 


result agrees with previous findings in an adult popula¬ 
tion . 1 We observed a close association between snoring 
and cough or sputum production. Bloom and co¬ 
workers reported the same association in an adult 
population. 4 After adjustment for passive smoking the 
relation was still significant. Chronic inflammation 
may result in a narrowing of pharyngeal size, leading to 
an increased risk of snoring. 

A previous tonsiUectomyj«j^^^wnaj»^ 
mk of habitual sroring^Th^Ssoctanon was strong# 
in Children exposed to passive smoking. This finding 
agrees with a previous study, which reported an 
association between parental smoking and tonsillec¬ 
tomy.’* 

Tbe ( assodation between passive smoking and 
snoring was highly significant, and wt observed a dose* 
effea relation betweenv the number of cigarettes 

ice of habitual 
a risk factor for 
the amount- of 


also 
king 

since birth. 

In conclusion, our findings show that snoring is 
quite common in children and is associated with the 
presence of rhinitis or cough and sputum production. 
Also it is closely related to passive parental smoking. 
The dose-effect relation of smoking and snonng 
strengthens this association. This report puts forwarg^ 
further advene effects* [fi&ve parental smokingWi 
their children's health. Longitudinal studies should be 
conducted to assess the course of snoring in childhood 
related to the development of hypertension, cardiac 
disease, and the sleep apnoea syndrome. 

We thank the parents and the teachers of the schools 
con c erned in dm study for their cooperation; Isabella Annesi 
and Francine Kauffmann for their helpful suggestions; 
Virgmio Mandrill and Massimo Del Vita for statistical advice: 
and Francesco Formstiere, who provided the statistical pack¬ 
ages. 
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Abstract 

Objective —To assess the incidence and severity 
of physical and psychosexuaJ symptoms in young 
women due to ovarian failure caused by total body 
irradiation for leukaemia and the women's response 
to hormone treatment. 

Design —Postal questionnaire and interview. 

Setting—Leukaemia unit of oncology hospital. 

Patients—Consecutive series of 46 English speak¬ 
ing women who bad developed ovarian failure after 
total body irradiation and bone marrow transplanta¬ 
tion as treatment for leukaemia. 

Results —Of the 36 responders, 33 reported some 
symptoms, vaginal dryness being the most common 
(29)j This profoundly affected sexual function. 
Although 22 women had had sexual intercourse 
within six months after treatment, 16 were less 
interested in and 18 experienced difficulties with 
sexual intercourse. Anxieties about sterility, 
femininity, and appearance were common and 
reduced self confidence. Almost half reported that 
they had changed their social habits and restricted 
their social activities. Treatment seemed e0ective in 
abolishing symptoms in 24 women, but vaginal 
dryness remained a problem in three. Two women 
failed to respond and intercourse remained impos¬ 
sible. 

Conclusions- Such patients are vulnerable and 
access to gynaecologists and endocrinologists soon 
after treatment would be valuable. The optimal 
treatment regimen and the long term benefits of 
treatment have yet to be established. 

Introduction 

Total body irradiation and bone marrow transplan¬ 
tation have recently become established treatments for 
certain types of leukaemia in younger patients. Because 
of the systemic nature of the disease, 1 no attempt can be 
made to shield the gonads. Consequently, nearly all 
women develop amenorrhoea and permanent ovarian 
failure. As over half art likely to survive long tenny J 
recognition of the consequences of total body irradia¬ 


tion and premature ovarian failure are of great 
importance. 

Whiit there has been a recent expansion in our 
knowledge of the incidence and aetiology of all causes 
of premature ovarian failure/ little is known about the 
consequences. Various authors have commented on 
the presence of hot flushes, night sweats, and atrophy 
of the lower genital tract in patients with premature 
ovarian failure, M " but some of these studies included 
patients who subsequently regained ovarian function 
spontaneously i^and even became pregnant; and dfcarly, 
therefore, did not have irreversible ovarian failure. 
Furthermore, few previous studies have investigated 
the impact of oestrogen deficiency on sexual function 
and none on self esteem and social behaviour. We 
believe that such additional information is vitally 
important in clinically managing all patients with 
irreversible premature ovarian failure irrespective of 
•etiology. 

We present data on some of the early consequences 
of ovarian failure and the effects of hormone therapy in 
a group of 36 women previously treated with total body 
irradiation and bone marrow transplantation for 
leukaemia. 


Patients and methods 

Forty six English speaking patients who had received 
total body irradiation and bone marrow transplantation 
at the leukaemia unit at the Royal Marsdcn Hospital 
were sent a questionnaire, to which 36 responded. All ; 
patients had received conditioning treatment with 
cyclophosphamide and total body irradiation or 
melphalan and total body irradiation. 11 The question¬ 
naire referred to symptoms and concerns experienced 
by the pstients in the six months after treatment l 

Of those who responded to the questionnaire, 34 
were referred to the unit from hospitals elsewhere in 
the United Kingdom (from as far afield as Cornwall in 
the south to the Orkney islands in the north); the two 
other patients were Ideal- At the time of treatment the 
average age was 25-7 years (range 14 3 years to 42-6 
years) and the mean time between treatment and 
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Neuspiel, D.R., Rush, D., Butler, N.R., Golding, J., Bijur, P.E., 
Kurzon, M. "Parental Smoking and Post-Infancy Wheezing in Children: 
A Prospective Cohort Study" American Journal of Public Health 79(2): 
168-171, 1989. 

ABSTRACT: The contribution of parental smoking to wheezing: in> 
children was studied in a subset of all British births between' 
April 5 and 11, 197 0 (N*=9,670). Children of smoking: mothers had 
an 18.0 per cent cumulative incidence of post-infancy wheezing 
through 10 years of age, compared with 16.2 per cent among children 
of nonsmoking mothers (risk ratio 1.11, 95% Cl: 1.02, 1.21). 
This difference was confined to wheezing attributed to wheezy 
bronchitis, of which children of smokers had 7.4 per cent, and 
those of nonsmokers had 5.2 per cent (risk ratio 1.44, 95% Cl: 
1.24, 1.68):. The incidence of wheezy bronchitis increased as 
mothers smoked more cigarettes. After multiple logistic regression 
analysis was used to control for paternal smoking, social status, 
sex, family allergy, crowding, breast-feeding, gas cooking and 
heating, and bedroom dampness, the association of maternal smoking 
with childhood wheezy bronchitis persisted. Some of this effect 
was explained by maternal respiratory symptoms and maternal 
depression, but not by neonatal problems, the child's allergic 
symptoms, or paternal respiratory symptoms. There was a 14 per 
cent increase in childhood wheezy bronchitis when mothers smoked 
over four cigarettes per day, and a 49 per cent increase when 
mothers smoked over 14 cigarettes daily. 
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Polly E. Bijur, PhD, MPH, and Matthew Kurzon, MA, MS 


Abstract: The contribution of parental smoking to wheezing in 
children was studied in a subset of all British births between April 5 
and 11, 1970 (N - 9,670). Children of smoking mothers had an 18.0 
per cent cumulative incidence of post-infancy wheezing through 10 
years of age, compared with 16.2 per cent among children of 
•onsmolting mothers (risk ratio 1.11, 95% Cl: 1.02, 1.21). This 
difference was confined to wheezing attributed to wheezy bronchitis, 
of which children of smokers had 7.4 per cent, and those of 
nonsmokers had 5.2 per cent (risk ratio 1.44,95% Cl: 1.24, J.68),Thc 
incidence of wheezy bronchitis increased as mothers smoked more 


cigarettes. After multiple logistic regression analysis was used To 
^control for paternal smoking, social status, sex, family allergy, 
crowding, breast-feeding, gas cooking and beating, and bedroom 
dampness, the as s o c iation <of maternal smoking with childhood 
^-wheezy bronchitis persisted. Some of this effect was explained by 
Tnatemal respiratory symptoms and maternal depression, but not by 
neonatal problems, the child's allergic symptoms, or paternal respi¬ 
ratory symptoms. There was a 14 per cent increase in childhood 
wheezy bronchitis when mothers smoked over four cigarettes per 
day, and a 49 per cent increase when mothers smoked over )4 
cigarettes daily, (Am J Public Health 1989; 79:168-171.) 


Introduction 

Children are passive victims of the effects of tobacco 
smoke from their surrounding environment, resulting in 
multiple adverse health outcomes, 1 " 3 Passive smoking has 
been associated with respiratory infections and Symptoms in 
infants and young children. 4-9 Some studies have suggested 
an association between parental smoking and wheezing or 
other respiratory symptoms of older children; 10 " 14 but other 
investigations have disputed this relationship.’ Vl7 A dose 
effect has been reported, 4,6,12,18-21 although this has been 
inconsistent and often crudely measured. 8 Parental smoking 
has also been associated with decreased pulmonary function 
and lung growth in children. ,,i,4,,9,22-25 

The mechanism of effect of passive smoking on child¬ 
hood reactive airway disease is not clear. Sidestream tobacco 
smoke may be directly toxic to the lungs of children. 
Alternatively, or additionally, the respiratory effects of 
passive smoking may be mediated by other factors to which 
children of smokers may be exposed, such as in¬ 
fection, ,0JB - 26 - 27 allergy,* 5 ' 28 stress, 29 or neonatal respiratory 
problems. 23 

In order to address some of these unresolved issues, we 
studied the relationship ofeigarette smoking by either or both 
parents with report of post-infancy wheezing in a large, 
representative British national cohort. 

Methods 

The Child Health and Education Study began as a 
national survey of all births in Great Britain during the week 
of April 5-11,1970. 30 Information was collected by midwives 
during the first postpartum week. At 5 years of age, the cohort 
was reevaluated by trained health visitors via maternal 
interviews. Additional parental interviews, medical exami- 
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nations, and educational evaluations were carried out at age 
10 . 

Maternal smoking behavior was surveyed at each inter¬ 
view, including the duration of smoking from i pregnancy 
through age 10 of the child and the usual idose of cigarettes per 
day during each period. We asked about the use of cigarettes, 
pipes, or cigars by the father. The amount smoked by the 
mother was categorized on the birth questionnaire as 0, 1-4, 
5-14, 15-24, and 25 or more cigarettes per d&y. These 
categories were applied to doses reported at children’s ages 
5 and 10, from the continuous measures of amount smoked 
(there was considerable preference for multiples of five in 
reporting of dose)i In trend analyses, means of each of the 
first three smoking categories were used: 2.5, 9.5, and 19.5; 
29,5 cigarettes per day was used for the highest smoking 
category. 

Outcome data were obtained from maternal interviews 
when the children were 10 years old. At that time, parents 
were asked: “Has the child ever had one or more attacks or 
bouts in which there was wheezing or whistling in the chest?” 
If the reply was positive, they were asked: “What were these 
thought to be due to?” (. . . asthma, wheezy bronchitis, or 
other cause, with multiple responses permitted); parents 
were then asked at what ages the wheezing occurred. 
Wheezy bronchitis is a common diagnosis in Great Britain, 
although its clinical distinction from asthma is not clear. 

Other variables were selected for study after review of 
published investigations or parental smoking and other fac¬ 
tors related to childhood respiratory symptoms and disease. 
These included sex of the child; social status of the family 
(represented by a standardized variablfe derived from factor 
analysis of social items when the cohort was 5 years old), 
crowding in the home (total persons/total rooms), number of 
siblings (total, older and younger), dampness in the child's 
bedroom, whether gas was used for cooking and/or healing, 
child s own smoking at age 10, whether the child was breast 
fed at least one month* history of allergy in the child or family, 
neonatal respiratory problems, symptoms of chronic cough 
or phlegm for over three months in each parent, and a 
measure of maternal depression (derived from a 24ritem 
Malaise Inventory 31 ). Family allergic history was determined 
at the time the child was age 5 by a report of asthma, eczema, 
or hay fever in either natural parent. A positive allergic 
history in the child was defined as a report of eczema or hay 
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fever before 5 years of age. Neonatal respiratory problems 
were defined by a history of any breathing difficulties during 
the first week of life. 

Chi-square, multiple logistic regression, and factor anal¬ 
yses were done using SAS software. 32 33 Confidence inter¬ 
vals on risk ratios 34 and on odds ratios determined from 
multiple logistic regression 35 were calculated using published 
methods. Attributable risk calculations were done using 
methods described by Lilienfeld. 36 

Results 

We studied prospectively 11,776 children bom between 
April 5-11, 1970 and their families, obtaining data at births 
and at ages 5 and 10 years. Of this population, 9,953 (84.5 per 
cent) were singleton births, living throughout with their 
natural 1 mothers, whose primary language was English, and 
who were ethnic Europeans. In 836 of these households (8.4 
per cent), there was no father figure. There were 5*113 boys 
(51.4 per cent). 

The 9,670 children whose mothers had known smoking 
information comprise the cohort for the remaining analyses. 
Of these mothers, 4,855 (50.2 per cent) smoked cigarettes at 
some time between their pregnancy and the child's age 10. 
Cigarette smoking was reported at some time by 5,128 fathers 
in homes with a father figure (56^2 per cent). In addition, 866 
(9.5 per cent) of fathers smoked pipes or cigars only. 

There were 1,774 children (17.8 per cent) who were 
reported to have wheezed by 10 years of age. Of these, 112 
reported wheezing only before one yer of age ; the remaining 
1,662 were classified by their parents as having asthma, 
wheezy bronchitis, or other reasons for wheezing. The 
relationship of post-infancy wheezing to maternal smoking at 
any time between pregnancy and child's age 10 (dichoto¬ 
mized) is presented in Table 1, Smoking was associated with 
post-infancy wheezing in the entire group of children (risk 
ratio 1.11, 95 per cent Cl = 1 02, 1.21). This smoking 
relationship was limited to the subgroup stated to have had 
wheezy bronchitis (risk ratio 1.44, 95 per cent Cl * 1.24, 
1.68). Subsequent analyses relate only to this outcome. 

Unadjusted relationships of maternal and paternal smok¬ 
ing with child's wheezy bronchitis are shown in Table 2. The 
effect of maternal smoking was stronger when fathers also 
smoked, but these mothers also smoked more cigarettes per 
day: during pregnancy, 12.5 per cent smoked over 14 ciga¬ 
rettes per day, compared with 4.5 percent when fathers were 
nonsmokers. In the homes with no father figure, there was a 
higher cumulative incidence of wheezy bronchitis. 

Wheezy bronchitis was reported to have started before 
age 5 in 72 per cent of affected children (compared with 65 per 
cent of those with asthma). The amounts that the mother 
smoked at child’s birth and age 5 years were equally strongly 

TABLE 1—ftw*-4ntency Wheeling to Ago 10 toy Meteml Smoking at any 
Tima 


Cumulative Incidence 

Affected - Risk Ratio 

Reason tor Wheezing Number Smokers Noosmokert (.05 Cl) 


Wheezy bronchitis 

625 

.074 

.052 

1.44(1.24. 1.68) 

Asthma 

262 

.028 

.029 

.96 ( 77, 1.22) 

Other mason 

632 

.064 

.067 

.96 (.83,1.11); 

Combinations of above 

123 

.013 

.013 

1 00 (.71,1.41) 

Total 

1662 

.180 

.162 

1,11 (1 02,1.21) 


TABLE 2—Cumulative Incidence a t Wheezy Bronchitis to Agaa 1-10 by 
Parental Smoking 



Paternal Smoktng (Number with wheezy bronchitis) 

Maternal Smoking 

No 

Ctgarettas 

Pipe/ 

Cigar 

Father 

Absent 

N 

NO 

.051 (110) 

.050 (93) 

.052 (27) 

.066 (18) 

4815 

Yes 

.066(59) 

.076 (238) 

.064 (20) 

.083(44) 

4855 

Total 

.055 (169) 

067 (331) 

.056 (47) 

.077 (62) 

9670 

Risk Rato of 

Maternal affect 

1.29 

L52 

123 

1.26 


(.95 Cl) 

(.95, 1.75) 

(1.20, 1.92) 

( 70, 215) 

(.74. 2 14) 



related to the risk of wheezy bronchitis. Thus, the mean dose 
of cigarettes per day between the reported amounts at birth 
and 5 years was used in subsequent dose analyses. The 
cumulative incidence of wheezy bronchitis by amount 
smoked by the mother is presented in Table 3 The incidence 
of wheezy bronchitis increased progressively from 5.2 per 
cent in nonsmokers to 8;9 per cent among children whose 
mothers smoked over 24 cigarettes per day, but this dose- 
effect trend among smokers was not statistically significant. 

Wheezy bronchitis was inconsistently related to the 
duration and period of maternal smoking (Table 4). Those 
mothers who smoked throughout the study period (from 
pregnancy through child's age 10) also smoked more ciga* 
rettes; their children had a risk ratio of 1.52 (95 per cent Cl 
- 1.27,1.82) for wheezy bronchitis compared with nonsmok¬ 
ers. The category of mothers who only smoked in both 
postnatal periods was most strongly related to childhood 
wheezy bronchitis, although only 12 cases were exposed in 
this group. 

Multiple logistic regression was used to estimate the 
effects of several factors of post^infancy wheezy bronchitis 
contrasted with no history of wheezing. The final model 
included maternal smokjng between child's birth and age 5 
years with four dose levels; paternal smoking in three 
categories: cigarette smoking, pipe or cigar smoking only, or 
father absent from the home; social status, sex of the child, 
family history of allergy, crowding, breast-feeding, gas cook¬ 
ing or heating, and bedfoom dampness The included social 
status items after factor analysis were: father's highest 
educational qualification* father's occupational social class, 
mother's highest educational qualification, economic level of 
the neighborhood, telephone in the home, and ownership/ 
rental of home. Highly correlated, redundant variables (e.g., 
number of siblings) w ere substituted by more specific mea- 

TABLE S—Cumulttfv* Incidence Rate of Wheezy Bronchitis at Agee 1-10 
by Maternal Smoking Do** 


Average cigarettes per day at twin and 5 years 



None 

1^1 

5-14 

15-24 

>24 

Cumulative Incidence 
Wheezy Bmnchms 

.052 

.066 

.075 

.061 

.069 

Number CNkJren* 

4815 

925 

24501 

99V 

169 

Rate Dtftaranoa 

— 

.013 

.023 

.029 

.037 


Chr-epuar* r 876. p * 0 17 

*2*0 wrnckinQ momera no* smote* at c#vid * birth ct •©• 5 years; BO had incompi*** 

00M UptrtlflQ 
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TABLE 4—Incidence of Wheery Bronchitis (WB) by Period of Maternal 
Smoking 


Chrtds 

A©* 


Cumulative 

Incidence 


Pregnancy 0-5 

5-10 

H 

0 WB 

WB 

RR WB 

95% Cl 

n 

n 

n 

4615 

250 

.052 

— 


y 

y 

y 

3302 

260 

.079 

1:52 

1.27,1.62 

y 

y 

n 

536 

35 

.065 

1.25 

0.B7, 1.60 

y 

n 

y 

307 

20 

.065 

1.25 

0.79, 2.00 

y 

n 

n 

164 

11 

.067 

1.29 

0 70. 2 39 

n 

y 

y 

107 

12 

.112 

2.16 

1:19. 3.93 

n 

y 

n 

197 

15 

.076 

146 

0.66. 2.50' 

n 

n 

y 

240 

10 

.042 

0.60 

0.43,1.51 


y - Stroked dorifiQ pregnancy , or at lee# three year* donng mervrnl 



ri - D*f no* tmoka in pregnancy. or lets than three yeer* dunng rtarval 


surcs (c.g., crowding). Variables unrelated to smoking or 
wheezing were not included. 

The interaction between maternal smoking and the 
following variables were estimated by both bivariate and 
multivariate analyses: sex, maternal depression, child aller¬ 
gy, parental allergy, neonatal respiratory distress, breast¬ 
feeding, gas cooking, gas heating, crowding, social status, or 
paternal smoking. The effect of maternal smoking on wheezy 
bronchitis showed little difference among the levels of any of 
these factors. Thus, the final multiple logistic models exclud¬ 
ed interaction terms. 

As Table 5 shows, the dose relationship with maternal 
smoking appeared to plateau at 15-24 cigarettes per day when 
all potential confounders were controlled. Male sex, low 
social status, family allergy , and bedroom dampness, when 
controlled for maternal smoking, were related to wheezy 
bronchitis. 

Several variables were examined as potential mediators 
of the smoking effects by adding each separately to the full 
analytic model, including neonatal respiratory problems, 
child allergy, and parental respiratory symptoms. These 
mediating effects were strongest among children whose 


TABLE 6—Child'a Whaaiy Bronchitis by Age 10 Year* and Maternal 
Smoking: Multiple Logistic Regression 


# og'day* (N) 

Odds ratios vs 
nondtsaased 
children (95% 
Cl) controlled tor 
covariates** 

None 

1.00 

1-4 (925) 

1.27 ( .95-1.70) 

5-14 (2450) 

1.43 (1.16-1.76) 

15-24(991) 

1.49 (1.13-1.97) 

>24 (169) 

1.49 (.65-2.63) 

’Average of amount between birth and age five 
~Covanata* in model, multivariate odde ratio (95% Cl): 
Paternal cigarenas 

1.05 (.85.1.29) 

PatamaJ ptpa/ogar 

1.05 (.75, 1.46) 

Father abeam 

1.06 (.81,1.43) 

Male child 

1.39 (1.16, 1.64) 

Famity allergy 

1.48(1.22. 1 78) 

Crowding 

0 91 (.71. 1.17) 

Bedroom dampness 

1.67 0.311.2.14) 

Not breast ted 

1.22 ( 97, 1:53) 

Gas oookmg/heating 

1.03 (.66, 1:23) 

Social status factor 

0.90 (.61, .99) 


mothers smoked over 24 cigarettes per day: the maternal 
smoking effect was reduced (from 1 49 to 1.32) when mater¬ 
nal respiratory symptoms were controlled* parental I symp¬ 
toms exerted no such effect, despite the stronger independent 
contribution of fathers’ report of cough or phlegm lo the 
child’s symptoms. A smaller reduction in effect (to 1.36) was 
evident when maternal depression was included in the 
analysis. An increase in the effect (to 1.61) was seen when 
child allergy was held constant. Neonatal respiratory prob¬ 
lems showed no mediating effect. 

If mothers smoking over four cigarettes per day had not 
smoked, we estimate that 13.8 per cent of the total burden of 
wheezy bronchitis in this population would not have oc¬ 
curred. 

Discussion 

In this large, representative national cohort of British 
children followed from birth, 18 per cent were reported to 
wheeze by 10 years of age. A subgroup of these childjej 
<tho$e whose symptoms were attributed by their mother^ to 
wheezy bronchitis) were at increased risl&pf post-infahby 
lAvheezing when their mothers were smokerCPaternal smok¬ 
ing did not contribute independently to the risk of wheezy 
bronchitis, perhaps because young children spent more time 
with their mothers. Recent changes in parental work and 
child care patterns may alter these relationships. 

Is tobacco smoke directly toxic to children s lungs, or 
are its effects attributable to other factors? Parents who 
smoke have more respiratory symptoms themselves and may 
transmit infections to their children. 10,26 * 27 Additionally, 
children may imitate the respiratory symptoms of their 
parents. We found that report of maternal cough or phlegm 
resulted in some attenuation of the relationship of maternal 
smoking with the child's wheezy bronchitis: paternal symp¬ 
toms showed no such relationship. This finding is consistent 
with mediation of some of the effect of maternal smoking on 
the child's wheezing by maternal respiratory symptoms; it 
also is consistent with maternal smoking jointly causing 
maternal symptoms and the child's wheezy bronchitis, or 
with more frequent reports of wheezy bronchitis in children 
of smoking mothers with respiratory symptoms. A substan¬ 
tial portion of childhood wheezy bronchitis was unexplained 
by these mediating factors, either due to actual toxicity of 
sidestream tobacco smoke or unexamined mediating factors. 

Passive smoking was related only to wheezy bronchitis 
and not to reported asthma or wheezing for other reasons. We 
do not know what clinical characteristics led to the perceived 
diagnosis of wheezy bronchitis in these children. Several 
investigators have suggested that asthma and wheezy bron¬ 
chitis are clinically and pathologically indistinguishable, and 
that they are both manifestations of reactive airway 
disease. The distinct patterns of association of different 
categories of wheezing with parental smoking found in this 
cohort may represent true differences between various forms 
of wheezing. 310 Alternatively, children exposed to tobacco 
smoke may have been labeled disproportionately as having 
wheezy bronchitis by health care providers because of earlier 
age of onset than expected for asthma, relative absence of 
other atopic symptoms, or awareness of early published 
reports of an association between passive smoking and 
bronchitis in childhood. 

Reliance on parent report of smoking and retrospective 
report of childhood wheezing may add uncertainty to our 
findings.** 24 However, the causal relationship between pa i? 
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sive smoking and childh^^rtacuv^au^v disease issufr* 
ported here by consistency "with pine vic>us mv«tiiati5ijJ» 
.temporal coherence of the sequence of exposure ancfcwjnp- 
toms, a dose-response gradient, and biologic plausibility. 40 
Our data do not reveal a specific period of vulnerability to the 
effects of passive smoking. Further follow-up of this cohort 
is in progress and may add to our understanding of the effects 
of passive and active smoking on the natural history of 
reactive airway disease. 

yfWe estimate a 49, per cent increase in the prevalence of 
^uldhood wheezy bronchitis by age 10 when mothers smoke 
fcore than 14 cigarettes per day, when compared with 
children of nonsmoking mothers. Perhaps as much as 14per 
cent of wheezy bronchitis in this population cajjbe attributed 
fito maternal smoking of over four cigarettesSw day. These 
.Endings add v e vtdence of the public health hazards of cigarette 
smoke to thosl in voluntarily exposed . 
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SUMMARY: Results are presented from a second cross-sectional 
assessment of the association of air pollution with chronic 
respiratory health of children participating in the Six Cities 
Study of Air Pollution and Health. Air pollution measurements 
collected at quality-controlled monitoring stations included total 
suspended particulates (TSP), particulate matter less than 15 um 
(PM 15 ) and 2.5 um (PM 2 _ 5 ) aerodynamic diameter, fine fraction 
aerosol sulfate (FS0 4 ), S0 2 , 0 3 , N0 2 . Reported rates of chronic 
cough, bronchitis, and chest illness during the 1980-1981 school 
year were positively associated with all measures of particulate 
pollution (TSP, PM 15 , PM 2 _ 5 , and FS0 4 ) and positively but less 
strongly associated with concentrations of two of the gases (S0 2 
and N0 2 ). Frequency of earache also tended to be associated with 
particulate concentrations, but no associations were found with 
asthma, persistent wheeze, hay fever, or nonrespiratory illness. 
No associations were found between pollutant concentrations and 
any of the pulmonary function measures considered (FVC, FEV 1 , FEV 0 _ 
75 and MMEF). Children with a history of wheeze or asthma had a 
much higher prevalence of respiratory symptoms, and there was some 
evidence that the association between air pollutant concentrations 
and symptom rates was stronger among children with these markers 
for hyperreactive airways. These data provide further evidence 
that rates of respiratory illnesses and symptoms are elevated among 
children living in cities with high particulate pollution. They 
also suggest that children with hyperreactive airways may be 
particularly susceptible to other respiratory symptoms when exposed 
to these pollutants. The lack of association between pollutant 
concentrations and measures of both pulmonary flow and volumes 
suggests, however, that these increased rates of illness are not 
associated with permanent loss of pulmonary function, at least 
during the preadolescent years. 
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SUMMARY fteautta in presented from a aecortd creta-eectionei mmmtnt ol the association 
of air pollution with chronic respiratory haatth ol children participating In tha Six Cities Study of 
Air Pollution and Haatth. Alt pollution measurement* coliadad at quality-controlled monitoring sta¬ 
tion* Included total suspended particulata* (TSP), paniculate mattar lea* than IS mn (PM,,) and 
2 S nm (PM,,) a* rr>dyn*mic diameter, fin* fraction aerosol *utfata (f SO,), S0„ 0,. and NO,. Re p or t ¬ 
ed rate* of chronic cough, bronchitis, and chaat Btftaaa during tha IMQ-tttl school year wart posi¬ 
tively aaaocistad with aU maaauras of particular* pollution (TSP, PM,,, PM W , and FSO.) and po*L 
ttvety but lama strongly asaociatad wtth concentrations of two of tha gaaaa (SO, and NO,). Ffequen- 
cy of aaracha also tended to be associated wtth particulate concentrations, put no associations 
war* found with asthma, persistent whesxe, hay fever, or non respiratory Illness. No associations 
were found between pollutant continuation* and any of the pulmonary function measures consid¬ 
ered (FVC, FEV,, FEV,.and MMEF). Children wtth s history of wheeze or asthma had a much 
higher prevaiknca of respiratory symptoms, and there was some evidence that the association be¬ 
tween air pollutant concentration* and symptom rate* was stronger among children with these mark¬ 
ers tor hyperreactive airways. These data provide further evidence that rates ol respiratory Illnesses 
and symptoms airs elevated among children living In cities with high particulate pollution. They 
also suggest that children wtth hyperreactive airways maybe particularly susceptible to other respi¬ 
ratory symptoms when axposed to these pollutants. The lack of association between pollutant con- 
contritions and measures of both pulmonary flow and volume auggeets, however, that these in¬ 
creased rates of Illness are not associated wtth permanent lose of pulmonary function, at least 
during the preadoleacent years. am afv mswr chs iwi; I 3 i sst-ssa 


Introduction 

A recent report (1) from the Six Cities 
Study of Air Pollution and Health de- 
icribed a strong association between fre¬ 
quencies of chronic cough, bronchitis, 
and chest illness in preadolescent school- 
children and concentrations of particu¬ 
late and sulfur oxide air pollution in six 
communities in the eastern United States. 
Illness and symptom rates were higher 
by approximately a factor of two in the 
community with the highest air pollution 
concentrations compared with the com¬ 
munity with the lowest concentrations. 
No association was found, however, be¬ 
tween air pollution concentrations and 
two measures of pulmonary function, 
FVC and FEV,. Because the health data 
were gathered ibet ween 1974 and 1980, on¬ 
ly three pollutant variables, total sus¬ 
pended particulates (TSP), the sulfate 
fraction of TSP (TSO*), and sulfur di¬ 
oxide concentrations (S0 2 ), were consis¬ 
tently available for this analysis. These 
measurements were gathered from sta¬ 
tions operated by a variety of public and 
private agencies. Analysis of limited da¬ 
ta onspatialand temporal variability of 
air pollution concentrations and respi¬ 
ratory health within the six cities found 
an association between total sulfate 
(TSO*) concentrations and respiratory ill¬ 
ness and symptom rates, but not with 
TSP or SO*. 

These results raised several issues re¬ 
quiring further investigation. (/) To what 
extent could these results be replicated 
using air pollution measurements 
gathered under standardized procedures 
established as part of the Six Cities 
Study? (2) Was the respiratory health sta¬ 
tus of study children associated with ei¬ 
ther of two measures of size-fractionated 
particulate matter, aerodynamic di¬ 
ameter less than 15 pm (PM lS ) and less 
than 2.5 pm (PM 2 ,)? Did ozone (0 3 ) or 
nitrogen'dioxide (N0 2 ) concentrations 
have a direct effect on respiratory health 
or modify the associations with other 
pollutants? (3) Could associations be 
found between air pollution concentra¬ 
tions and potentially more sensitive 


measures of small airways impairment 
(FEV 0 7S and MMEF) obtained from digi¬ 
tized analysis of the spirometric tracings? 
(4) Could sensitive subgroups of the 
study population be identified? 

This study investigated each of these 
issues by analyzing the respiratory health 
of the original cohort of the school chil¬ 
dren reexamined during the 1980-1981 
school year, a period during which all 
elements of the study’s air pollution 
measurement program, including size- 
fractionated panicle measurements, were 
available in all i six cities. 

Methods 

Populations Studied and Survey 
Procedures 

The cohort of school children has been de¬ 
scribed elsewhere (1-3). Briefly, the children 
were initially seen as first- and second-graders 
attending schools in study communities dur¬ 
ing the enrollment period between 1974 and 
1979. Each child had had an annual follow^ 
up examination consisting of a respiratory 
symptom questionnaire completed by a par¬ 
ent and a spirometric examination performed 
at school. Health data used in this report were 
collected during the 1980-1981 1 school year. 
Three cities were visited between September 
and December, 1980: Watertown, MA; St. 


Louis, MO; and Portage, WI. And three were 
visited between January and April! 1981: 
Kingston-Harriman, TN; Steubenville. OH; 
and Topeka, KS. 

Five respiratory illhess and symptom re¬ 
sponses obtained from the questionnaire were 
considered: bronchitis, cough, chest illness. 
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wheeze, and asthma (4), Bronchitis required 
a doctor’s diagnosis in the list year; chronic 
cough was defined as being present for 3 
months in the last year; chest illness required 
restriction of activities of 3 days or more. Per¬ 
sistent wheeze was defined as wheeze apart 
from colds or for most days or nights in the 
last yean Asthma required the reporting of 
a doctor's diagnosis. 

Three symptoms not expected to be relat¬ 
ed to air pollution were also considered: ear¬ 
ache, hay fever, and nonrespiratory illness or 
trauma that restricted activities for 3 days or 
more. 

The spirometric examination has been de¬ 
scribed elsewhere (5). Briefly, the examina¬ 
tion was performed using a water-filled 
recording spirometer (Survey Spirometer, 
Warren E. Collins, Braintree, MA) with the 
child in a sitting position without a nosedip. 
Each tracing was examined in the school by 
the local study coordinator. Those judged ac¬ 
ceptable by standard criteria (4) were digitized 
centrally (6). The three best tracings varying 
by less than 150 ml were averaged to calculate 
the FEV,, FEV & Ttl and FVC, and the tracing 
with the Highest sum of FEV, and FVC was 
used to calculate the maximal imidexpiratory 
flow (MMEF). All values were corrected to 
body temperature and pressure saturated with 
water (btps). The child’s height and weight 
were measured in stockinged feet and record¬ 
ed to the nearest centimeter and pound. 

Air Pollution Measurements 
A centrally located air monitoring station was 
established in each community at the time of 
the first'health examination. SO,, NO,, 0,, 
and meteorologic variables were measured 
continuously. Integrated 24-fa TSP samples 
were collected on a regular schedule. TSP sam¬ 
ples were mailed to a central laboratory for 
determination of total mass concentration. 
Each site was audited semiannually by an in¬ 
dependent agency using National Bureau of 
Standards traceable reference standards (7). 

Beginning in 1978, dichotomous aerosol 
samplers were installed at each study site (8). 
The inlet ofi these samplers removes the larg¬ 
er panicles (50% cut-size at 15 \im aer¬ 
odynamic diameter). The aerosol is then 
divided into two fractions: the fine fraction 
with aerodynamic diameter less than 2.5 pm, 
and the coarse fraction between 2.5 and 15 
pm. The two fractions were analyzed for mass 
concentration by beta-ray attenuation (9) and 
for elemental Concentration by x-ray fluores¬ 
cence (30). PM,i is the sum of the fine and 
coarse fractions. All elemental sulfur has been 
assumed to be present as sulfate ion (SO*). 
All dichotomous samplers were operational 
for at least 1 yr prior to the 1980-1981 school 
year. 

Daily mean concentrations of SO,. NO,, 
and O, were obtained by averaging hourly 
concentrations for each day with at least 18 
hourly values. Three measures of particle mass 
(PM,.*, PM,„ and TSP) were considered, as 
well as the concentration of elemental sulfate 
in the fine fraction, denoted here as FSO*. 


Monthly means were calculated for each poh 
lutant by averaging all available daily values. 
An air pollution exposure in the previous year 
was calculated for each child by averaging the 
monthly means for the 12 months preceding 
the month of the spirometric examination. 

Statistical Methods 

Previously reported analyses of illness and 
symptom rates and of pulmonary function 
levels established that city-to-city variation 
in health outcomes was larger than would be 
expected given interindividual variation in 
health outcomes (1). To account for this vari- 
ability, we used two-step methods to analyze 
the health outcomes. In the analysis of ilh 
ness and symptom rates* an initial logistic 
regression was used to estimate the adjusted 
logit of illness frequency in each of the six 
cities* controlling for sex* age* maternal smok¬ 
ing, and the presence of a gas stove in the 
home. In the second step* these estimated 
logits were regressed against the city-specific 
air pollution measurements using weights that 
were inversely proportional to the sum of the 
bctween-city variance and the within-city vari¬ 
ance of the adjusted logits. The results of this 
regression are summarized here by the esti¬ 
mated relative odds of the illness or symp¬ 
tom rate in the most polluted and least pol¬ 
luted city. Ninety-five percent confidence in¬ 
tervals (95% Cl) for these relative odds were 
calculated using Miettinen’s test-based ap¬ 
proximation (11). 

For the pulmonary function measures, the 
same general scheme was used. In the first 
step, the logarithms of individual pulmonary 
function measurements were fitted to a line¬ 
ar function of the logarithm of height, age, 
maternal smoking, indicators for sex, paren¬ 
tal education, gas cooking, and an interac¬ 
tion between sex and logarithm of height. In 
the second step* the adjusted city-specific 
means of the logarithms of pulmonary' func¬ 
tion measures were regressed on the air poU 
lution variables. Each pollution variable was 
considered separately. The regression results 
are summarized by the estimated percentage 
difference in pulmonary function level be¬ 
tween the most polluted and least polluted 
cities. This difference is given by the an* 
tilOgarithm of the regression coefficient times 
the difference in pollutant concentrations. 
Ninety-five percent confidence intervals were 
calculated in the logarithmic scale, again using 
a test-based approximation. 


TABLE 1 

CITY-SPECIFIC AGE DISTRIBUTION OF WHITE 
CHILDREN IN COHORT 



10 yr 

11 yr 

12 yr 

Totali 

Ponaga. Wl 

2B5 

282 

245 

812 

Topaka. KS 

252 

593 

368 

1.213 

Watariown. MA 

240 

277 

260 

777 

Kingston. TN 

106 

198 

227 

531 

Si Louis. MO 

283 

363 

350 

996 

Stautoanvilla. OH 

377 

357 

359 

1.093 

Total 

1.543 

2.070 

1.809 

5 422 


A potentially sensitive subset of the popu¬ 
lation was defined by the presence of report¬ 
ed asthma or persistent wheeze. The two-step 
analysis was repeated to produce separate es¬ 
timates of the air pollution associations in 
children with and without asthma or wheeze. 
In the first step, city-specific rates of respira¬ 
tory symptoms were calculated for each group, 
after adjusting for the associations with sex, 
age, parental education, maternal smoking 
and gas stoves in the combined sample. In 
the second step, the city-specific adjusted rates 
were regressed on air pollution, separately for 
children with And without asthma or wheeze. 
An analogous procedure was used for analy¬ 
sis of pulmonary function measurements. 

Result* 

A total of 8,131 children were seen dur¬ 
ing the 1980-1981 school year. Because 
the enrollment period varied among cit¬ 
ies, the age distributions of these chil¬ 
dren also varied among cities. To avoid 
confounding caused by age and race* the 
analysis was restricted to the 5,422 10- 
to 12-yr-old'white children examined in 
the 1980-1981 school year (table 1); 

Adjustment for Covariates 
Each symptom was analyzed using a 
logistic regression model including sex, 
age, indicators of parental education* 
maternal smoking (cigarettes per day), 
an indicator for gas stove; and an indica¬ 
tor for each of the cities. Maternal smok¬ 
ing was significantly as33riated with mosF 
symptoms (tabled), The coefficients for 
the respiratory symptoms investigated in 
the earlier report (bronchitis, chronic 
cough, chest illness, and persistent 
wheeze) were consistent with values ob¬ 
tained from analysis of the earlier exami¬ 
nation (2). Asthma rates were not signif¬ 
icantly associated with maternal smok¬ 
ing. Of the referent symptoms, earache 
insignificancy associated with matw 
nal smokmgrwhereas nonrespiratory ill¬ 
ness and hay fever were not. As in the 
earlier examinations of these children, 
the presence of a gas stove was not a 
predictor of current respiratory symp¬ 
toms. Hay fever was negatively associat¬ 
ed with the presence of a gas stove, non¬ 
respiratory illness was positively associat¬ 
ed, and no association was found for 
earache. 

The logarithm of pulmonary function 
was fitted to a multiple linear regression 
model including sex, sex-specific log of 
height, age, indicators of parental edu¬ 
cation, maternal smoking, an indicator 
for gas stove, and indicators for each city. ^ 
Maternal smoking, was negatively asr ' 
sociaredrwitft all measures of lung func¬ 
tion except FVC (table i). For FVC ar d 
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FEV,, the coefficients were comparable 
to those reported previously (2). The 
strongest associations were found for 
FEVo t, and MMEF, two measures not 
available in the earlier analysis. Because 
FVC was positively associated with 
jjnatemai smoking, the ratios of FEV, 
**nd MMEF to FVC both had strong 
negative associations with maternal 
smoking. 

The presence of a gas stove was nega¬ 
tively associated with FVC, FEV*, and 
FEV. n . These deficits were not statistic 
cally significant, but were comparable to 
earlier estimates (2)i MMEF and the ra¬ 
tio measures were positively associated 
with gas stove, but the associations were 
not statistically significant. 

The city-speeific symptom prevalence 
and pulmonary function levels, adjust¬ 
ed to the population distribution of the 
covariates described above, are given in 
table 4. 

Associations with Air Pollutant 
Concentrations 

City-specific annual means of the 24-h 
average air pollution concentrations were 
calculated for the 12 months preceding 
the examination of each child and aver¬ 
aged for each city (table 4). For most pol¬ 
lutants, the annual pollution means were 
lowest in Portage, Topeka, and Water- 
town and highest in Kingston, St. Louis, 
and Steubenville. Ozone concentrations, 
however, were highest in the communi¬ 
ties with low- concentrations of other pol¬ 
lutants. Except for ozone, the correla¬ 
tions among pairs of pollution measures 
varied between 0.53 and 0.98. Ozone con¬ 
centrations were negatively correlated 
with all other pollutants, -0.96 with NO a 
and between -0.78 and -0.73 otherwise. 

Results from regression of the adjust¬ 
ed logits of symptom frequencies on the 
air pollutant concentrations, expressed 
as the relative odds of a positive response 
in the most- and least-polluted city, are 
given in tabic 5. Over the range of TSP 
concentrations observed (34.1 to 80.0 jig/ 
m 3 ) (table 4), the oddk of bronchitis were 
estimated to increase by a factor of 2.31 
with a 95^o Cf of 0.79 to 6.78, and simi¬ 
lar results were obtained for PM,* (fig¬ 
ure 1), PM a 5 * and FSO*, the three other 
measures of particle mass. The associa¬ 
tion was statistically significant only for 
PM Smaller and nonSigni ficant associ¬ 
ations with bronchitis rates were found 
for S0 2 and NO,. No association was 
found between ozone concent rat ions and 
bronchitis rates. Sex-specific regressions 
did not indicate any difference in re¬ 
sponse between the sexes. For example. 



TABLE 2 


ESTIMATED RELATIVE ODDS (95% CONFIDENCE INTERVAL) OF REPORTED: 
SYMPTOMS VERSUS MATERNAL SMOKING AND GAS STOVES. ADJUSTED 
FOR SEX. AGE. PARENTAL EDUCATION AND CITY OF RESIDENCE IN 
CHILDREN 10 TO 12 YEARS OF AGE SIX CITIES STUDY; 1980-1901: 
SCHOOL YEAR 


Mother's Smoking 
(J pecVdey) 

Gas Stoves 

Respiratory symptoms 
Bronchitis 

Chronic cough 

Chest tlllness 
Persistent 

Asthm* 

1.20 (1 07, 1.53) 

1.10 (0 90, 1.41) 

1.17 (T 01; 1.35) 
1.20(1.04,1 40) 

1.07 (0.85. 1 34) 

1.02 (0 77. 1 35) 
0.86 (0 67.,1.16); 
0 97(0 79 1.20) 
0 09 (0 711 1 11) 
0 76 (0 54, 1.05) 

Reference symptoms 
Hey fever 

Eereche 

Nonrespmatory illness 

0.92(0 78,1.06) 

1.21 (1.09. 1*35) 

1.16 (0 94. 1142) 

0.70 (0.56. 0.87) 
0.95 (0 81L 112) 
1.30 (0 96. 1.76) 


TABLE 3 

ESTIMATED PERCENT EFFECT (95*t> CONFIDENCE INTERVAL) OR MATERNAL 
SMOKING AND GAS STOVES ON PULMONARY FUNCTION ADJUSTED FOR 
SEX. SEX-SPEClFlC LOGARITHM OF HEIGHT. AGE. PARENTAL 
EDUCATION, AND CITY OF RESIDENCE IN CHILDREN 10TO 
12 YEARS OF AGE SIX CITIES STUDY: 1983-1981 SCHOOL 
YEAR 


Mothers Smoking 



(1 peck/OAy) 

Gas Stoves 

FVC 

+ 0 6*t (4-0 T. +11) 

-0 5*6 ( -12. ♦ 0 2)i 

FEV, 

-0 4% (-0 9, ♦0.2) 

-0.3*6 (- 11. ♦ 0.5): 

FEV, M 

- 0.746 (-1.3. -0 2) 

-0 2*6 (-1.0. ♦0 6): 

MMEF 

-3 446 (-4 5. -2 4) 

♦ 1 0*6 (-0.5. +2.6): 

FEV;/FVC 

-T0% (-1.3. -0 7) 

♦ 0 3*6 (-0.2. +0 7): 

MMEF/FVC 

-3:9*6 (-4 9. -2 9) 

♦ i 5*6 ( + 0 0. +3 0); 

TABLE 4 


CITY-SPECIFIC RATES OF SYMPTOMS; PULMONARY FUNCTION. AND 12-MONTH MEAN 
POLLUTION 1 CONCENTRATIONS FOR CHILDREN 10 TO 12 YEARS OF AGE SIX CITIES 
STUDY: 1980-1981 SCHOOL YEAR _ 



Ponag* 

Topaka 

Watertown 

Kingston 

St Louis 

Steubenville 

Respiratory symptoms, *6 

Bronchitis 

3.6 

60 

4 7 

100 

6 4 

Si 

Chronic oough 

30 

7.3 

2 3 

6.7 

66 

87 

Chest illntss 

76 

1 T.7 

9 3 

15 9 

7.2 

16 1 

Persistent wheeze 

96 

11.4 

66 

10 6 

8 9 

9 6 

Asthma 

5 1 

59 

32 

44 

34 

33 

Reference symptoms. *6 

Hay fever 

200 

227 

12 1 

23 1 

32 8 

23 1 

Earache 

10 7 

12 6 

TO.9 

67 

12 7 

57 

Nonresptrstory ittness 

49 

4 3 

60 

5.1 

45 

4 5 

Pulmonary function. L 

FVC 

2556 

2 492 

2 511 

2 487 

2 511 

2 539 

FEV, 

2.225 

2 142 

2 178 

2 156 

2.166 

2 191 

FEV, 71 

2.042 

1960 

2.002 

1.968 

1.983 

2 007 

MMEF 

2 635 

2 529 

2 585 

2.607 

2.569 

2 611 

Pulmonary function ratios 

FEV/FVC 

0 870 

0 059 

0 867 

0 868 

0 862 

0 863 

MMEF /FVC 

1 030 

1 iQl4 

1.030 

1.047 

T.031 

1.030 

Paniculate pollution, ug/rh 1 

TSP 

34 t; 

63 2 

53 8 

63 8 

80:0 

71.2 

PM,, 

20 Jli 

33 4 

25 8 

42 3 

37 8 

56 B 

PM, , 

12 7 

118 

17:7 

25 7 

22 0 

36 1 

FSO, 

4.3 

32 

5 7 

7 9 

7 1 

13 9 

Gaseous pollution, ppb 

SO, 

4 2 

3 5 

10 5 

6 5 

13 5 

27 8 

NO, 

6 5 

12 7 

19 9 

154 

22 6 

22 6 

o, 

378 

30 3 

22 0 

25 4 

23 2 

180 


Othn twn t* aPOrenenom TSP - total lu*p#nOeO pamdn. PM„ W* PM,., - pvKuUtt man*r leu than IS anC 2 5 
M"Oilyn»mc FSO, ■ ho*-fraction aaroaot Sulfate 


t 
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TABLE 5 


ESTIMATED RELATIVE OODS OF SYMPTOMS AND 95% CONFIDENCE INTERVAL BETWEEN THE 
MOST POLLUTED AND LEAST POLLUTED CITIES FOE EACH POLLUTANT UNIVARIATELY 



TSP 

PM„ 

PM,., 

FSO, 

SO, 

NO, 

0, 

Raspiraiory symptoms 

Bronchitis 

23 

2 5 

2.1 

20 

1.5 

17 

05 


(0 6, 5.6) 

(1.1.61) 

(0 6. 5 9) 

(0 6. 6.7) 

(0 4, 5 6) 

(0 5. 5.5) 

(0 2. 17) 

Chronic cough 

34 

3.7 

23 

22 

1.8 

1.6 

0.6 


(07. 14.5) 

(1.0, 13.5) 

(0.4, 13.2) 

(0.3. 152) 

(03. 12.5) 

(0.3. 10.5) 

(01.4.5) 

Chest dines* 

1.4 

23 

20 

1.9 

1.5 

12 

06 


(0.3. 6.5) 

(0.6. 6.7) 

(0.6, 62) 

(0.5,69) 

(0 4. 5 9) 

(0 3. 4.6) 

(02, 2.5) 

Persistant wheexe 

1.1, 

12 

1.0 

1.0 

09 

0.6 

12 


(0.5, 2.5) 

(0.5. 2.6) 

(0.5. 22) 

(0.4,22) 

(04. 1.9) 

(0 4, 1.6) 

(0 0. 2.7) 

Asthma 

0.7 

0.7 

0.6 

06 

0.6 

0.6 

1.9 


(0.3. 1.9) 

(0.3. 2 0) 

(0.3, 14) 

(0.3. 1.4) 

(0.3, 12) 

(0.3, 0.9) 

(1.0, 3 4) 

Reference symptoms 

Hay fever 

0.9 

0.5 

04 

04 

06 

08 

1,6 


(0-2. 3 6) 

(02. 1.2) 

(P-2. 0.9) 

(02. 0.9) 

(0.2. 1.7): 

(02. 2.8) 

(0 4, 6 0) 

Earache 

2.1 

16 

1.3 

1.3 

12 

12 

10 


(0.6, 7 4) 

(0 4, 7.0) 

(0.3. 5.6) 

(0.3, 6.0) 

(0.3, 5.3) 

(0.3, 4.9) 

(02. 4.7) 

Nonrespiratory Mneea 

0.9 

0.9 

1.0 

1.0 

1.0 

1.0 

0.9 


(0.5. 14) 

(0.6. 1.4), 

<0.6, 16) 

(0.6. 1.6) 

(0.6, 1.5) 

(0 6, 1.6) 

(0 6, 1.6) 


For O' ftttrmohor*. tm tlM 4. 
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the estimated odds for bronchitis versus 
PM,* was 2.48 for boys and 2.60 for girls. 

Similar associations were found for 
chronic cough and chest illnesses. The 
odds of reported illness were estimated 


to increase by approximately a factor of 
two across the range of particulate ex¬ 
posures. Much weaker positive associa¬ 
tions were found with SOj and N0 3 , and 
a negative association with ozone. 


Persistent wheeze was not associated 
with any of the air pollution measures. 
Asthma rates were negatively associated 
with all pollutants except ozone. A simi¬ 
lar pattern was found for hay fever* sug¬ 
gesting a higher reporting among those 
children in the more rural communities. 
Asthma and hay fever rates were posi¬ 
tively associated with annual mean ozone 
concentrations-estimated relative odds 
for asthma* 1.88 (95% Cl, 1.03 to 3.43) 
and for hay fever, 1.62 (95% Cl, 0j44 to 
6.0). Of the other two reference symp¬ 
toms considered; earache had a weak 
positive association with the paniculate 
measures, and nonrespiratory illness had 
estimated relative odds very close to one 
for each pollutant. 

Only TSP concentration was consis¬ 
tently associated with estimated lower 
levels of pulmonary function. Over the 
range of concentrations observed, the 
largest deficit, -2.7% (95% Cl, -6.5 
to +1.2%), was found for FEV 0 74 . There 
was little evidence for an association be¬ 
tween lower pulmonary function level 
and the annual mean concentration of 
any other pollutant. 

Susceptible Populations 
The prevalence of respiratory symptoms 
was much higher among the 571 children 
with asthma or persistent wheeze than 
among children without these symptoms- 
Bronchitis was reported among 25.5% of 
the children with asthma or wheeze ver¬ 
sus 4.0% among those without; f° r 



PM 15 

Fig 1 City-specific prevalence of reported bronchitis versus annual mean PM (| concernraion* (ng/m*) and logis¬ 
tic fit to data (P - Pprtaga. T - Topeka. W • wetertowm. K • Kingston. L - St Louts, and S - Steubenville). 


chronic cough the rates were 29 . 5 % ver- 
sus3.2%, and for chest illness 36.5% vcr ' 
sus 7.6%. Although FVC was only 0*3% 
lower among these children with asi u .m* 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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or wheeze, FEV, was 4.5°7o lowei\ FEV 0 TS 
was 4.3^o lower, and MMEF was 10.6^7o 
lower. These children were considered as 
a potentially susceptible subgroup, and 
the associations between air pollutant 


stronger, however, among those with 
asthma or wheeze (table 6), 

Separate regressions of the adjusted 
city-specific pulmonary function levels 
on air pollution for children with and 


without asthma or wheeze did not show 
any associations (figure 3). 

Discussion 

The first aim of these analyses was to re¬ 
examine the previously reported associ¬ 
ations between air pollution concentra¬ 
tions and respiratory illness and symp¬ 
tom rates in the same children an average 
of 3 yr older, using exposure data of 
documented quality obtained under a 
standardized protocol. These reanalyses 
showed associations of particulate and 
sulfur oxide concentrations with respi¬ 
ratory illness and symptom rates that cor¬ 
respond closely to those found in the 
earlier analyses. Thus, these findings 
cannot be attributed to errors in the 
measurement of ambient air pollution 
concentrations. 

In the earlier analyses (1), annual mean 
TSP concentrations varied between 39.3 
pg/m 3 in Portage and 114:1 pg/m 3 in 
Steubenville. This range was associated 


concentrations and adjusted city-specific 
respiratory symptom' rates and pulmo¬ 
nary function levels for children with and 
without these symptoms were compared. 

The estimated relative odds over the 
range of each of the particulate mea¬ 
sures and SO, is given separately for the 
two groups in table 6. Bronchitis rates 
gave relative odds of 2.2 (95°7o Cl, l.l to 
4.2) versus PM»*. for children without 
asthma or wheeze. The estimated rela¬ 
tive odds were higher, 3.8 (95% Cl, 0.9 
to 15.5), for those reporting asthma or 
wheeze. Children reporting asthma or 
wheeze not only had a higher prevalence 
of bronchitis, but apparently a stronger 
association with PM,» concentrations 
(relative odds ratio, 3.8/2.2 * 1.7; 95^0 
Cl, 0.5 to 6.3). Although this difference 
is not statistically significant on the logis¬ 
tic scale, when these results are plotted 
on a linear prevalence scale (figure 2), 
it is clear that children with asthma or 
wheeze were reporting most of the ex¬ 
cess number of cases of bronchitis in the 
more polluted communities. Similar as¬ 
sociations were found between bronchi¬ 
tis and each of the other particulate mea¬ 
sures. The associations of bronchitis with 
SO, were smaller in magnitude than with 
the paniculate measures, but were larger 
for children with asthma or wheeze than 
for those without (table 6). Results for 
chest illness in the past year were com¬ 
parable to those for bronchitis, except 
that the SO, association was smaller 




among children with asthma or wheeze. 2 City~sp*cific prevalence at reported bronchitis versus annual mean concentrations (nghn»J stratified 

the association between pollutant con- by reported asthma or perststenlwheeie. Upper curv*(»oJWAn#} is the logistic til tor children with reported asthma 
C:ntration and chronic cough was not or whe«*, and tower curve (dashed ito#) « the togntic fit tor thosa without (MS figure i tor dry tofcets) 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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10 20 30 40 50 50 

PM 15 

Fig 3. CrTy-sp#oifio adjusted FEV, v»r*gi*rmu«tm*in PM„ concentrations (gg/m*) ft ratified by r*poned asthma 
Of persistent iwheeze. Lower curve /tnejiis the linear: fit tor Children with reported asthma or wheeze, and 
upper curve (desneo //ne) is tor those without (see figure t tor city tat>eis} 


with a bet ween-ci ties relative odds for 
chronic cough of 2.1,3 with a 95<7o Cl of 
1.63 to 2.77. Similarly, the relative odds 
were 2.13(95^d Cl, 1.08 to 4.18) for bron¬ 
chitis, 1.34 (95<7o Cl, 0.70 to 2.55) for 
chest illness, and 1 l 23 (9$P7o Cl, 0.76 to 
7.00) for persistent wheeze. Despite a de¬ 
cline in the TSP concentrations in the 
most polluted cities, Steubenville and St. 
Louis, between the first two examinations 
in the 1975 to 1977 school years and the 
1980-1981'school year, the estimated rel¬ 
ative odds obtained in the current analy¬ 
sis are comparable to those obtained ear¬ 
lier. The estimated relative odds for the 
referent symptoms of hay fever and non- 
respiratory illness were not elevated. A 
positive association was found between 
earache and particulate pollution, al¬ 
though the association was far from 
statistical significance. This is consistent 
J*ith the increased prevalence of earache 
Associated with maternal smoking (table 2\ 
The differences in respiratory illness 
reporting between cities may represent 
differences in the samples of children that 
are unrelated to air pollution exposure. 


Those cities visited in the spring have 
been noted to have both higher rates of 
respiratory symptom reporting and high¬ 
er air pollution values. Hence, the posi¬ 
tive associations may be attributable in 
pan to better recall of symptoms in the 
previous winter when questionnaires were 
administered in the spring compared with 
those administered in the fall. When sea¬ 
son of examination was included in the 
regression analyses, the estimated rela¬ 
tive odds of symptom reporting were re¬ 
duced. For example, the estimated effect 
of PM,* on reported bronchitis was re¬ 
duced from 2.52 (table 5) to 1.97 when 
adjusted for season. Other potential con- 
founders include differences in interpre¬ 
tation of the questionnaire by the respon¬ 
dent and persistent differences in illness 
or reporting rates associated with ethnic 
or cultural! factors. 

The city-specific symptom reporting 
rates and adjusted level of pulmonary 
function have been shown to be consis¬ 
tent within each city year to year (1). 
However, the variability of these sum¬ 
mary measures between cities was larger 


then the random fluctuation between in¬ 
dividuals would predict. Because of this 
clustering effect in the data, two-step 
methods were used to analyze the health 
outcomes. The effect of these methods 
is to produce conservative estimates of 
the statistical significance of the report¬ 
ed associations compared with common¬ 
ly used methods. For example, if bron¬ 
chitis were regressed on PM„ exposure 
for each child, adjusting for covariates 
in a logistic model, a highly significant pos¬ 
itive association is found (p = 0.000024). 
Using the two-step method, bronchitis 
had a marginally significant positive as¬ 
sociation with PM,* (p = 0.016). The es¬ 
timated odds ratios are similar in both 
cases. The confidence intervals present¬ 
ed here reflect this adjustment for the 
clustering of response within city. 

In the previous report, data from 3 yr 
were considered in each city, and three 
of the cities (Kingston-Harriman, St. 
Louis, and Steubenville) were divided into 
two exposure regions based on topogra¬ 
phy, local sources of pollutants, and air 
pollution measurements from multiple 
monitors. This permitted evaluation of 
the covariance of health status and air 
pollution within cities. By 1980, there was 
no evidence for spatial differences in ex¬ 
posure within Kingston-Harriman or St. 
Louis. The air monitor in Steubenville 
was located centrally, at a location inter¬ 
mediate between the two previously de¬ 
fined air pollution regions. Thus, the data 
from the 19801981 school year did not 
allow investigation of the spatial or tem¬ 
poral covariation of air pollution and re¬ 
spiratory health within cities. 

The second aim was to investigate the 
effects of pollutants other than TSP, SO*, 
and SO*, particularly measures of fine 
particulate air pollution. Because data 
were available for only six cities, how¬ 
ever^ the information differentiating pol¬ 
lutants is somewhat limited. Each pollu¬ 
tant was therefore considered univariate- 
ly, and multivariate comparisons were 
not attempted. 

■All of the particulate measures, TSP, 
PM**, PM* *, and FSO*, are highly cor¬ 
related across the six cities. All are as¬ 
sociated with substantial increases in the 
reported rates of respiratory illnesses over 
the range of annual means observed! 
Each of these particulate measures has 
well-known limitations (12,13). TSP has 
a poorly defined upper size cut that de¬ 
pends on wind speed and direction. PM,* 
may underestimate exposure because of 
coarse particle loss in shipping (14). PM* * 
is lightly contaminated by less than ab¬ 
solute separation of particles at 2.5 um. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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The FSO* concentration may overesti¬ 
mate sulfur concentrations slightly be¬ 
cause of conversion of S0 2 to SO* on the 
filter and the assumption that all sulfur 
is SO*. 

Of the particulate measurements, on¬ 
ly associations with PM l5 were statisti¬ 
cally significant. Dzubay and Barbour 
(14) have reported a loss of between 39 
and 53% of coarse particle mass from 
filters during shipping between the sam¬ 
ple site and the laboratory. The poten¬ 
tial variable loss of coarse particles in 
shipping and handling would normally 
cause concern about the validity of the 
associations with PM U . However, start¬ 
ing late in 1980, independent measure¬ 
ments of PM IS were made by high- 
volume samplers with sampling heads 
that removed particles with an aero¬ 
dynamic diameter greater than 15 pm. 
The annual mean concentrations for 1981 
from these samplers were 22.8 pg/m 3 in 
Portage, 37.6 pg/m 3 in Topeka, 29.8 
pg/m 3 in Watertown, 41.5 pg/ntf in Kings¬ 
ton, 44.3 pg/m 3 in Si. Louis, and 62.6 
pg/m 3 in Steubenville. Comparison with 
PM IS concentrations (table 4) show's that 
the inhalable particulates were higher by 
an average of 3.4 pg/m 3 and the correla¬ 
tion between the annual means was 0.98. 
Thus, any bias in the PM, S caused by 
shipping losses in these samples must be 
small. Moreover, such randomly variable 
error in the exposure measurement would 
only,underestimate the true association. 

Bronchitis and chest illness rates were 
noted to be higher ini Kingston than in 
any of the other cities, including Steuben¬ 
ville, which has the highest particulate 
pollution concentrations. Lippmann (15) 
has suggested that these higher respira¬ 
tory illness rates may be due to the acidi¬ 
ty of the suspended panicles in Kingston 
and Steubenville. Acidity measurements 
were not made in 1980 or 1981, but re¬ 
cent measurements have shown that aero¬ 
sol acidity is in fact higher in Kingston 
and Steubenville (16). 

Sulfur dioxide, which is also correlat¬ 
ed with the particulate measures, has a 
much weaker association with the respi¬ 
ratory symptoms than the particulate 
measures. Similar results were found in 
the earlier study. Nitrogen dioxide annual 
means are higher in the more urbanized 
cities (Watertown and St, Louis) and the 
industrial city (Steubenville) than in the 
more rural cities (Portage, Topeka, and 
Kingston). The association of NOj with 
respiratory symptoms, however, was 
weak. 

Ozone concentrations were highest in 
the most rural community (Portage). 


Ozone is a secondary pollutant formed 
by photochemical reactions as polluted 
air masses move away from the pollution 
source regions. Primary pollutants such 
as nitric oxide (NO) rapidly scavenge Oj, 
convening it to molecular oxygen and the 
NO to NO*. Thus, ozone levels tend to 
be low in regions that are sources of these 
primary pollutants such as Steubenville, 
Sti Louis, and Watertown and high in 
more pristine areas such as Portage, Tope¬ 
ka, and Kingston. Negative associations 
of respiratory symptoms with ozone 
probably do not represent a protective 
effect of ozone, but ratheT indicate the 
negative correlation between ozone and 
other pollutants. 

The third aim w-as to lest for associa¬ 
tions between air pollution and tests of 
pulmonary function potentially more 
sensitive than the previously reported 
FVC and FEV,. Although FEVo. n and 
#4MEF were more strongly associated 
with maternal smoking than were FVC 
er FEV^, there was still no indication of 
chronic effects of air pollution on any 
measure. Lippmann and Lioy (12) has 
suggested that these chronic effects may 
be masked by acute changes in pulmo¬ 
nary function associated with exposure 
on the days or hours immediately before 
the examination. The annual pulmonary 
function data are being analyzed to 
evaluate such acute effects, and will be 
reported separately. 

The analyses were repeated with strat¬ 
ification on reported asthma or persis¬ 
tent wheeze. Although children with 
reported asthma or persistent wheeze 
made up only about 10% of the sample, 
they accounted for approximately half 
of the children reporting chronic respi¬ 
ratory symptoms. Thus, stratifying by 
reported asthma or wheeze removes a 
substantial source of variability in illness 
and symptom responses. The separate 
regressions permit comparisons of the air 
pollution associations in the two groups 
of children. Positive associations were 
found between bronchitis, chronic cough, 
and chest illness and the particulate 
measures for both groups. The estimat¬ 
ed relative odds of bronchitis and chest 
illness for the particulate measures was 
approximately twice as large for those 
with asthma or wheeze, although these 
differences were not statistically signifi¬ 
cant. In absolute terms, the adjusted 
bronchitis rate for children without asth¬ 
ma or wheeze increased from 2.4% in 
Portage to 5.2% in Steubenville, a rate 
difference of 2.8% (see figure 2)■ For chil¬ 
dren with asthma or wheeze, the adjust¬ 
ed bronchitis rate increased from 13.7% 


in Portage to 34.7% in Steubenville, a rate 
difference of 21.0%j Thus, the smaller 
group of children that reported'asthma 
or wheeze contributes to most of the 
cases of bronchitis that could be attrib¬ 
uted to air pollutions 

In summary, these analyses provide 
further evidence that there is an increase 
in respiratory symptom reporting across 
the six cities that is associated with an¬ 
nual mean particulate levels in these com¬ 
munities. Stronger associations were 
found with concentrations ofinhalbble 
particles, PM Ul although the power to 
differentiate the effects of specific size 
ranges was weak. Unexplained differ¬ 
ences in symptom reporting between 
dues may be explained by specific com¬ 
ponents of the particle exposure not con* 
sidered, e.g., aerosol acidity. Such asso¬ 
ciations are being investigated! in later 
follow-up examinations of these and oth¬ 
er cohorts of children. 

Children with reported persistent 
wheeze or asthma were found to have 
substantially higher reporting rates for 
respiratory illnesses and lower pultnonary 
functions. The proportion of these chil¬ 
dren within the sample varies between 
communities. In the more polluted com¬ 
munities, a large fraction of these chil¬ 
dren are reporting respiratory symptoms. 
Thus, these children appear to be react¬ 
ing more in response to air pollution ex¬ 
posure than the rest of the sample. Con¬ 
trolled exposure studies of adolescent 
asthmatics (17) have suggested that such 
children may be especially responsive. 

There was no evidence for an effect 
of pollution exposure on level of pulmo¬ 
nary function; either in the complete co¬ 
hort or in the children with reported per- 
sistent wheeze. Thus, air pollution ex¬ 
posure may increase respiratory symptom 
rates without causing irreversible pulmo¬ 
nary function losses. Nevertheless, al¬ 
though respiratory symptoms may be 
transient, they clearly have health con¬ 
sequences of some importance. In par- 
JScutuv respiratory illness in childhood 
in been reported as a risk factor for the 
subsequent development of respiratory 
diseases in adulthood and also a risk fac- y 
tor for the development of COPD in 
emokers (18). Longitudinal analysis of 
data provided by these children as they 
pass through adolescence may provide 
additional information about the long- 
term effects of these pollutant exposures. 
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Ownby, D.R., McCullough, J. "Passive exposure to cigarette smoke 
does not increase allergic sensitization in children" Journal 
Allergy Clin Tmmnnol 82: 634-637, 1988. 

SUMMARY: The purpose of this study was to learn whether children 
passively exposed to parental cigarette smoke would be more 
frequently sensitized to common allergens or would have higher 
concentrations of allergen-specific IgE. To evaluate this question, 
we studied tow groups of children aged 2 to 17 years. The first 
group consisted to 100 children selected from a general pediatric 
group practice. These children were being observed for well-child 
care, and the only selection criteria were the need for a venous 
blood sample for a reason unrelated to the study. The second group 
of 91 patients were consecutively referred from the same pediatric 
group for allergy evaluation because of respiratory tract symptoms. 
Parental smoking histories were obtained, and total serum I'gE, IgP, 
and IgE specific for cat, dog, mite, ragweed, grass, and cockroach 
were measured by ELISA. Children of smoking: mothers had 
significantly greater IgD concentrations (p = 0.03) and were more 
likely to be referred for allergy evaluation (p = 0.0001), but 
these children did not have increased concentrations of total or 
allergen-specific IgE. Exposed children were not more likely to 
be serologically sensitive to any of the allergens tested. We 
conclude that children passively exposed to cigarette smoke do not 
produce more IgE to common allergens nor are they more likely to 
produce IgE to any particular allergen. 
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Passive exposure to cigarette smoke does not 
increase allergic sensitization in children 


Dennis R. Ownby, MD, and Judith McCullough Detroit . Mich. 


The purpose of this study was to learn whether children passively exposed to parental cigarette 
smoke would he more frequently sensitized to common allergens or would have higher 
concentrations of altergen-specific lgE. To evaluate this question, we studied tw o groups of 
children aged 2 to 17 years. The first group consisted of 100 children selected from a general 
pediatric group practice. These children were being observ ed for well-child core, and the only 
selection criteria were the need for a venous blood sample for a reason unrelated to the study : 
The second group of 91 patients were consecutively referred, from the same pediatric group , for 
allergy evaluation because of respiratory tract sy mptoms. Parental smoking histories were 
obtained . and total serum fgE . IgD. and IgE specific for car. dog. mite, ragweed, grass, and 
cockroach were measured by ELISA. Children of smoking mothers had significantly greater T0 
Concentrations Ip « 0.03) and were more likely to be referred for allergy e\ aluaticfr$ 
ip * O.OOOHf but these children did not have increased concentrations of total or 
allergenrspecific IgE. Exposed children were not more likely to be serologically sensitive.'to any 
of the allergens tested. Hfran iittit ekmokddren pasrrvftt *Xpcf&d tblSgamte smoke do not 
pf&luce mbrtygE TO trMtmm tflergens nor etrt Trier nroreflkeJy io pfoduce IgE to any 
pmicutar Mergen:ii ALUXGY CLIN Imumt 1988:82*34*7,y 


A number of studies have suggested that exposure 
to cigarette smoke may increase the risk of allergic 
sensitization in children.” but direct evidence of such 
an effect has been very limited. Children exposed to 
cigarette smoke, as the result of smoking mothers, 
have an increased frequency of respiratory illness.'* 
Kjellman 7 found that children with atopic family his¬ 
tories had significantly higher total IgE concentra¬ 
tions. at 9 and 36 months of age, if their parents 
smoked. Weiss et al. # found that the prevalence of at 
least one positive skin test to a group of four common 
allergens was nearly doubled if the child’s mother 
smoked; A study in rats also demonstrated that 
cigarette-smoke exposure increased serum IgE levels 
and enhanced specific IgE formation apparently by a 
local effect on the airways.* 

The purpose of this study was to learn whether 
children exposed to parental cigarette smoke would 
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Abbreviation used 

ANOVA: Analysis of variance 


have a higher frequency of serologic sensitivity to 
common allergens or increased concentrations of 
allergen-specific IgE. Two cohorts of children were 
examined: a cohort of 100 children being observed 
for well-child care, and a cohort of 91 children w ith 
respiratory symptoms who were referred for allergy 
evaluation. We did not find any significant relation¬ 
ships between either maternal or paternal cigarette 
smoking and IgE in the 191 children studied. 

PATIENTS AND METHODS 

The study protocol was approved by the Henry Ford 
Hospital Human Rights Committee. Written informed con¬ 
sent was obtained from parents, and assent was obtained 
for children older than 12 years. The subjects were younger 
than 17 years of age and were recruited from two popula¬ 
tions. The pediatric cohort was recruited from children aged 
1 to 17 years who were being observed by a group of 
pediatricians for well-child care (e.g.. immunizations, pre¬ 
school. and camp or athletic physicals). If a blood sample 
was to be obtained for a purpose unrelated to this study: the 
parent and child were asked to participate in this study. As 
much as possible, consecutive patients meeting these criteria 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383041 




VOLUME 82 
NUMBER 4 

were enrolled; After consent was obtained, a questionnaire 
concerning family smoking habits was completed by ; a 
nurse, and: a blood sample for IgE measurement was ob¬ 
tained. The questionnaire covered estimates of the smoking 
of both ,parents and any other regular member of the house¬ 
hold in terms of packages of cigarettes smoked per day. 
rounded to the nearest one-half pack, and also if the parents 
had smoked since the child was bom or if they had started 
smoking afterward. Children older than the age of 10 years 
were questioned about personal smoking away from their 
parents, and if they stated that they smoked regularly or if 
they had ever smoked more than 10 cigarettes, they were 
excluded from the study. 

The allergy cohort consisted of consecutive patients re¬ 
ferred by the same group of pediatricians for allergy eval¬ 
uation. These children were referred for evaluation of 
chronic or recurrent respiratory symptoms, including rhi* 
nitis. asthma, chronic serous otitis media, or a combination 
of symptoms. They were evaluated for allergy as clinically 
indicated, and the same questionnaire concerning family 
smoking status was completed If a child had been previ¬ 
ously enrolled as pan of the pediatric cohort before referral 
to allergy was contemplated, they remained in the pediatric 
cohort l No patient: was included in both the allergy and 
pediatric cohorts. 

Both the pediatric and allergy cohorts were predomi¬ 
nantly from a middle to upper middle-class community. 
Selection for either cohort was not based on parental smok¬ 
ing. socioeconomic status, sex. or race. Children in the 
pediatric cohort were expected to be somewhat older, since 
many were being observed for preschool, precamp, or 
preathletic examinations. 

IgE and IgD measurements 

Both total serum and allergen-specific IgE measurements 
were performed with ELISA. as previously described. 10 The 
allergens studied were cat. dog. house dust mite (D&rrrw- 
tophagoides farinae). cockroach, timothy grass, and short 
ragweed Briefly, allergen-specific IgE was measured by 
absorbing the relevant allergen to plastic microtiter stnps 
(MicroFLUOR Removawell. Dynatechi Inc., Alexandria. 
Va.). which were then washed and blocked to prevent further 
passive absorption. Fifty microliter aliquots of patient serum 
were then addfcdto duplicate wells and incubated overnight. 
After washing, biotinated, immunospecificaily purified an¬ 
tihuman IgE (Kirkegaard-Perry Laboratories, Gaithersburg, 
Md ) was added to the wells, followed by another incubation 
and wash cycle. Avidin-alkaline phosphatase conjugate 
(Sigma Chemicali Co;. St. Louis. Mo.) was then added, 
followed by a wash, and finally the addition of 4- 
methylumbelliferyl phosphate. The fluorescence of the 
product of the enzyme reaction was read in a microfluo- 
rometer (MicroFLUOR). The fluorescence is proportional 
to the amount of specific IgE in the patient s sample. A 
pool of sera lacking IgE specific for the study allergens but 
having • total IgE concentration of 325 lU/ml of IgE was 
assayed in quadruplicate for each allergen in each assay run. 
Results of patient samples are expressed as multiples above 
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TABLE I. Characteristics of study population 



Pediatric 

cohort 

Allergy 

cohort 

p Values 

No. 

100 

91 


Mean age 

9.2 

7.1 

0.0003 

range (1-17 yr) 

M:F 

35:65 

46:45 

0.03 

% Maternal smoking 

25 

52 

0.0001 

% Paternal smoking 

32 

45 

0.06 

Mean IgE (IU) 

84 

62 

0 36 

Mean IgD (IU) 

10.3 

14.1 

0:12 

% Serologic atopy 

58 

67 

0 j 20 


this negative control pool. A value of two or more, which 
equals the mean plus 4 SD, is considered definitely positive 
for allergen-specific IgE. Positive controls were also in¬ 
cluded in each assay run. 

Total serum IgE was determined as previously reported 10 
The assay was similar to the ELISA used for specific IgE 
except that the wells were first coated with'purified anti¬ 
human! IgE (Kirkegaard-Perry Laboratories). Appropriate 
dilutions of the patient sera were added to triplicate sets of 
wells. After washing, the remaining steps are the same as 
for specific IgE determinations. The values of unknown 
samples in units were determined from a standard curve 
constructed from appropriate dilutions of a serum pool that 
had been standardized against the U.S. reference standard 

Serum concentrations of IgD were determined with the 
same type of ELISA system as that used: for IgE. except 
that antihuman IgD (Tago Inc., Burlingame. Calif.) was 
substituted for the antidgE. The standard serum pool used 
to construct the standard curve was standardized against the 
World Health Organization IgD reference No. 67137 Re¬ 
sults for both total IgE and IgD are in international units 

Statistical analysis 

These data were analyzed by the Michigan Interactive 
Data Analysis System with the statistical tests, as stated in 
the text." For comparison of group means, the parametric 
Student’s t test was computed. When the Student’s / test 
was invalid because of different group variances or non- 
normaJ distributions, the non parametric Mann-Whitney test 
was used. Total serum IgE concentrations were convened 
to logarithmic equivalents to normalize the distributions be¬ 
fore analysis. Two children in the allergy cohort whose 
parents stated that they smoked regularly, but smoked five 
or fewer cigarettes per day. were excluded from analysis. 
There were no cases in which a family member regularly 
smoked something other than cigarettes. For the purpose of 
grouping patients by maternal or paternal smoking, a history 
of one-half pack per day or more was considered smoking 
The significance of differences between proportions of 
groups was computed by the chi-square statistic. To learn 
whether there was a relationship between the quantity of 
parental smoking and IgE formation, ANOVA was used. 
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TABLE H. Total allergeivspecific IgE* and 
total IgD* by maternal smoking status 


TABLE III. Frequency of serologic 
sensitization to each allergen 


Matamal smoking 


No Yt* p Valut* 


IgE (IU) 

55.9* 

43.0* 

0.28 

IgD (IU) 

10.3* 

15,3* 

0.03 

Cat 

2.8* 

3,1* 

0.37 

Dog 

2 6 

3,4 

0j62 

Mite 

1.8 

1.9 

0,36 

Ragweed 

2.8 

2.5 

0,34 

Timothy 

3.5 

3.7 

0.28 

Cockroach 

2.0 

1.8 

0.90 


•Total IgE and IgD values are the geometric means in intemahonal 
units. Specific IgE values are the mean multiples above a negative 
control pool. 


For ANOVA the data for maternal and paternal smoking was 
grouped into four categories: nonsmoking. 0 5 pack per day. 
1.0 to 1.5 packs per day, and two or more packs per day. 


RESULTS 

The characteristics of the study population are pre¬ 
sented in Table 1. One hundred ninety-one childen 
ranging from 1 to 17 years of age were admitted to 
the study. The 100 children in the pediatric cohort 
were somewhat older and had a greater proportion of 
female children. The most significant difference be¬ 
tween the two cohorts was a 25% frequency of ma¬ 
ternal smoking in the pediatric cohort compared to a 
52% frequency of maternal smoking in the alltrgy 
cohort (p = 0.0001). 

There were no reports of either the mother or father 
having started smoking after the child was more than 
l month of age; therefore, all children were exposed 
throughout their entire life. Some mothers had stopped 
smoking during pregnancy but restarted soon after 
delivery. 

Since previous studies have demonstrated that ma¬ 
ternal smoking is more likely to be related to child 
health problems, the initial data analysis concentrated 
on this variable. The results of comparing the total 
serum concentrations of IgE and IgD, and the relative 
serum concentrations of allergen-specific IgE. based 
on maternal smoking status, are presented in Table 
II. When the total study population is considered, 
neither the total nor the allergen-specific IgE concen¬ 
trations differed significantly between exposed and 


In the pediatric cohort, no significant differences 



Maternal smoking 



No 

Ym 


Allergen 

t%) 

(%) 

p Values 

Cat 

41.0 

45.8 

0 53 

Dog 

33.6 

30.6 

0 66 

Mite 

19.3 

19 4 

0 98 

Ragweed 

31.1 

27.8: 

0.63 

Timothy 

18.5 

19 4 

0.87 

Cockroach 

13 8 

17 6 

0.48 


was sig- 
^ versus 


between 



were found for any of the immunologic variables be¬ 
tween exposed and nonexposed children. In this co¬ 
hort the mean scrum-IgD concentration was not sig¬ 
nificantly elevated in exposed children. Similarly, no 
significant differences in any of the mean IgE values 
were found in the allergy cohort, btifcl 
nificantly elevated 4 n exposed chi! 

17.2 IU: p m O.Ofy.' 

We believe the failure to findd iffei 

_ 

ujJJ cigarette sn 
genetically predisposed to produce specific IgE. We 
therefore defined a group of children as serologically 
atopic based on at least one positive in vitro test for 
allergen-specific IgE. As expected, there was a gen¬ 
eral increase in all of the IgE values, but there were 
no significant differences between the exposed and 
nonexposed children The significantly increased 
meanIgD was again found in the children of smoking 
mothers (10.4 versus 17.2 lUtp = 0.01). 

Another possible explanation for our failure to find 
a significant difference between groups may be be¬ 
cause of age-induced variation in the antibody mea¬ 
surements. As expected, both total IgE and IgD con¬ 
centrations were significantly correlated with age (Ln 
IGE versus age: r * 0.23 and p = 0 0012: and Ln 
IgD versus age: r * 0.20 and p = 0>0096). The 
results of correlating age with the logarithms of 
allergen-specific IgE concentrations were variable: 
cat, r * 0.01 and p * 0.92; dog, r = 0.03 and 
p « 0.66; mite, r * 0.15 and p * 0.04; ragweed, 
r * 0.20 and p » 0.0068; timothy, r = 0.09 and 
p * 0.20; and cockroach, r * 0.12 and p = 0 1 .11. 
We therefore used analysis of covariance to learn 
whether controlling for the effect of age would allow 
us to detect significant differences between exposed 
and nonexposed children that were not observed in 
the original analysis. The differences between chil- 
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drcn exposed and not exposed to maternal cigarette 
smoke remained insignificant for all of the lgE vari¬ 
ables, even after controlling for the effect of age. 

We repeated all of the analysis presented in Table 
II separately for male and female children and found 
no significant differences for any IgE variable. We 
also repeated all the same comparisons found in Table 
II with both paternal smoking or smoking by either 
parent and: found no significant differences for any 
IgE variable. 

We next considered that exposure to maternal smok¬ 
ing might not increase allergen-specific IgE produc¬ 
tion, but it> might increase the risk of sensitization 
(production of a detectable amount of IgE to one or 
more allergens). We therefore analyzed the data of 
the total group of children for the frequency of a 
positive in vitro test for each allergen. The results are 
presented in Table III. There are no significant dif¬ 
ferences in'the frequency of sensitization between the 
children based on maternal smoking. We again re¬ 
peated the analysis with only those children with at 
least one positive specific IgE test, and thcre were no 
significant differences in the frequency of sensitization 
to any of the allergens studied. 

We also observed both the quantities of IgE to com¬ 
mon allergens and the frequency of sensitization in 
children based on the quantity of smoking reported 
by the mother with ANOVA and found no significant 
differences. Similarly, the quantity of paternal smok¬ 
ing was not related to IgE (data not presented). 

DISCUSSION 

Previous studies have consistently demonstrated 
that children exposed to parental smoking have higher 
frequencies of respiratory illness.’" 6 Maternal smoking 
is usually more closely related to the increase in symp¬ 
toms than is paternal smoking: 1-6 Since others have 
reported higher rates of allergic sensitization to oc¬ 
cupational allergens in smoking workers’ : and since 
animal experiments suggest that cigarette-smoke ex¬ 
posure can increase the rate of sensitization to aller¬ 
gens. 9 we believe that the increase in respiratory dis¬ 
ease in children exposed to cigarette smoke might be 
the result of increased allergic sensitization. 

The purpose of this study was therefore to determine 
if parental cigarette smoking was related to the pres¬ 
ence or quantity of total and allergen-specific IgE in 
children. In the two cohorts of children studied, we 
did not find any evidence relating IgE to cigarette- 
smoke exposure. TJiis study does not suggest that 
cigarette-smoke exposure is innocuous for children* 
The fact that die mothers of twice as many children 
in the allergy cohort smoked compared to the pediatric 


Cigarette smoke does not increase sensitization 637 

cohort suggests that maternal smoking produced suf¬ 
ficient respiratory symptoms in some children to 
prompt an allergy referral. This observation is con¬ 
sistent with the previously mentioned studies dem¬ 
onstrating increased respiratory symptoms in ex¬ 
posed: children. We did not attempt to relate ciga¬ 
rette smoke exposure to the symptoms of: allergic 
disease, merely to the presence and quantity of IgE 
antibodies. 

The failure of our data to refute our null hypothesis 
that passive cigarette-smoke exposure does not affect 
IgE production suggests either the null hypothesis is 
true or that we failed to study an adequate number cf£ 
children. We therefore calculated the power of the 
study or the probability that if a true difference existed 
we would have detected it, given the current samplfe 
size. If we consider the entire sample of 191 and the 
concentrations of cat-specific IgE, and if we assume 
that the geometric mean cat IgE concentration would 
need to double to be clinically significant, the pow-er 
of this study is 0i97, or there is a 97ft probability 
that this study would have detected a doubling of cat- 
specific IgE at the 0.05 significance level. The power 
for dog was 0.99; ragweed. 0.99; and total IgE. 0.999. 
given the same assumptions. We believe that requiring 
a doubling of the mean IgE concentrations is modest 
because in a previous study relating grass-specific IgE 
to symptoms, we found threefold to fivefold increases 
in the geometric mean allergen-specific IgE concen¬ 
trations between different symptomatic groups.' 0 

A possible problem with our study is our reliance 
on self-reporting of smoking by the parent accom¬ 
panying the child, usually the mother" Other inves¬ 
tigators have reported strong correlations between re¬ 
ported maternal smoking and objective measures of 
cigarette-smoke absorption, such as urinary or serum 
cotinine concentrations.’ 4 13 Additional data in this 
study, supporting the proper classification of the chil¬ 
dren, are the significant increase in IgD in the children 
exposed to maternal smoking. Other investigators 
have reported increased concentrations of IgD in adult 
smokers'* and increased cord blood IgD in children 
bom to smoking parents.’ 7 

In summary, we did not find any evidence to suggest 
that the increased respiratory disease found in children 
exposed to smoking mothers is related to IgE pro¬ 
duction, but our data do suggest that maternal cigarette 
smoking results in increased respiratory symptoms in 
children. 

We thank Drs. S. Frank, C. Barone. J. Alejos. U. Batra. 
and their nurses for assistance in recruiting the pediatric 
cohort, and Ms J. Johnston for secretarial assistance. 
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Evaluation of a radioimmunoassay for 
histamine measurement in biologic fluids 


Paul McBride, MD, Diane Bradley, BS, and Michael Kaliner, MD 

Bethesda, Md. 


A new radioimmunoassay for the measurement of histamine in biologic fluids h as evaluated . 
Assay selectivity and specificity were achieved by "succmyl-glycinamide derivatization" of 
histamine in samples to mimic the immunogen used to generate the monoclonal antibody. The 
assay exhibits a linear response from 0.J to 5.0 ngtml of histamine and the monoclonal 
antibody used has partial recognition of only N -methylhistamine (other than histamine /. With 
minimal modifications, the assay can accurately measure histamine in plasma, urine, and buffer . 
j Normal ranges for human subjects were established: plasma levels are 0.193 ±0.08 ngtml. 

(n rn 40) and urine leveh are 20.9 ± 11.2 p.g Histamine!gm creatinine (n = 10). (J Allexgy 
Cun Immunol 1988:82:638-46.) 


Histamine is a relatively specific indicator of mast 
cell activation in human subjects and has been clearly 
implicated as a primary mediator in allergic reactions. 
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Many potential roles for histamine in human health 
and disease have been suggested, but only a few have 
been confirmed. Transient elevations in plasma his¬ 
tamine levels have been found with anaphylaxis. 1 
physical urticarias after provocation, 2 ^ allergy skin 
testing, 9 and other conditions associated with mast cell 
activation, whereas the diagnosis of systemic mas¬ 
tocytosis is suggested by persistent elevations in 
plasma and urine histamine levels. 1 * 12 
Currently, the measurement of histamine in biologic 
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Rubin, D.H., Damus, K. "The Relationship Between Passive Smoking 
and Child Health Methodologic Criteria Applied to Prior Studies" The 
Yale Journal of Biology and Medicine 61:401-411, 1988. 

ABSTRACT: Most studies investigating the relationship 
between passive smoking and child health have found a significant 
effect on respiratory illness and lung function. The wide range 
of findings is based on diverse types of studies which use multiple 
criteria for respiratory illness, smoke exposure, and outcome 
variables. The aim of this review is to examine these studies in 
an attempt to focus attention on methodological criteria which 
relate to the strength of the association and likelihood of a 
causal relationship between passive smoking and child health. 

We examined 30 studies and judged their strength by 
examining (1) data collection, (2) surveillance bias, (3) 
definition of amount of smoking, (4) definition of illness, (5) 
detection bias, (6) outcome variables, and (7) control for 
confounding variables. Poor scores were noted in the use of 
"blinded" data collectors (37 percent of possible score), use of 
multiple specific outcome variables (51 percent), and definition 
of the quantity of smoking (56 percent) . Good scores were noted 
in the detection of illnesses (98 percent), recall by study subjects 
of symptoms of illness (71 percent), control for confounding 
variables (81 percent), and definition of illnesses (86 percent). 
The range of scores for the studies was from 44 percent to 89 
percent (of the total possible score). 

While a few well-designed studies demonstrate a 
significant effect of passive smoking on child health, most studies 
had significant design problems that prevent reliance on their 
conclusions. Thus, many questions remain, and future studies 
should consider important methodological standards to determine 
more accurately the effect of passive smoking on child health. 
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Most studies tnve*ttgiung the relationship between push* smoking and child health have 
found a significant effect on respiratory illness and lung function. The wide range of findings k 
based on diverse types of studies which use multiple criteria for respiratory ill ness, smoke 
exposure, and outcome variables. The atm of this review it to examine these studies in an attempt 
to focus attention on methodological criteria wh!rh relate to the strength of the association and 
likelihood of a causal relationship between passive smofc,**.; and child health. 

W« examined 30 studies and judged their strength by examine f/f data collection. (2) 
sun cilia nee bias. tit definition of amount of smoking, (4) definition of illness, f 5) detection bias. 
itl outcome variables and f 7) control for confounding variables. Poor scorns were noted in the sse 
of “Winded” data collectors (37 percent of possible score), use of multiple specific outcome 
variables (51 percent), and definition of the quantity of smHdng (54 percent). Good scores were 

noted in the detection of illnesses (91 percent), recall by study subjects of symptoms of illness (71 

percent), control for confounding variables (81 percent), and definition of lUnetaea (84 percent), v 
The range of scores for the sttsdlae wu Trom 44 percent to 89 percent (of the total poeaibk* ^ ^^ 
score). - . -;' 1 * • *//.:’ • ’• • 

While a few well-designed studies demonstrate a si|nificant effect of puWvt smoking on child 
health, most studies had significant design problems that prevent reliance on their condusiont. 

Thus, many questions remain, and future studies should consider Important methodological 
standards to determine more accurately the effect of passive smoking on child health. 

During the past few years, the relationship between passive smoking and child 

health has received substantial attention in the medical literature. Most of the evidence 


child ill-health [1-30). A recent Surgeon General’s report highlighted the risk of 
exposure to the non-smoking public by those who continue to smoke [31]. While most 
studies have found at least some relationship between passive smoke and child health, 
others have found little or no effect [32-33], 

Even though this topic has been the focus of many studies, it b not clear when 
passive exposure to smoke begins to affect child health nor the extent of the dose-effect 
relationship. This information is important both for (l) public policy, which could be 
directed against the exposure of children to smoke; and (2) research policy, which could 
be directed toward the newer issues in this field such as the effect of prenatal exposure 
to passive smoke on fetal development. 

Exposure to passive smoke has been associated with reduced birthweight [34,35] 

401 
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and child height (10.12}. increased incidence of childhood asthma (9J4.36JI 
bronchiolitis [7|. persistent wheezing [l \[ childhood cough [S, 17.20.24}. tracheitis and 
bronchius [6K and respiratory illness in the first [18], second [22], and middle 
childhood >ears |16) Passively inhaled smoke has also been shown to be associated 
with a reduction in pulmonary function in children [3.5,11). 

Prospective, case-control, and cross-sectional study designs have been used to 
investigate the effect of passive smoking on child health. In the prospective study 
design, children are followed over time and examined at specific predetermined 
intervals: pulmonary function testing is often performed during these interval exami¬ 
nations and used as an outcome variable in these studies. In the case-control study 
design, smoke exposure is compared between those children who have or have not had a 
specific illness, such as bronchiolitis. In the cross-sectional study design, the strength of 
association between past smoke exposure and a specific outcome (i.e., cough or 
pulmonary function testing) at a specific time is tested. ;- * v - ^ ' 

Within any selected design, studies have demonstrated substantial differences with 
respect to the following: f/) the definitjotf/and quantification . of - smoking 
household members; ( 2 ) the icciiracy of recortiing the afnounf of smoke to^wfilch a 
child is exposed, including in-home and outside-the-home exposure; (3) the definitions 
of symptoms and diagnostic criteria for respiratory illness; and ( 4 ) the measurements 
used to assess the effect and quantity of exposure to passive smoking. I n addition, issues 
such as the need for "blinding” of research personnel during data collection and the 
frequent examination of study subjects have been addressed by only a few studies 
[7,21,24]. These methodologic shortcomings make it difficult to compare results of 
prior studies and to delineate the effect of passive smoking on child health. 

Many of the problems are obvious even without critical review. Some investigators 
recorded smoking history by determining the number of cigarettes smoked per day by 
the mother and/or father (current and/or prior consumption), while others simply 
classified household smoking patterns as either the presence or the absence of smoking 
by both parents [3.26]. In other studies, researchers assigned the number of cigarettes 
smoked per day to a distinct category, such as 1-10, 11-20. or >20 cigarettes per 
day [6];. or 1-14, 15-24, or >25 cigarettes per day [17]. 

Multiple or intermittent sources of passive smoke exposure have not been explored in 
prior studies. A child might spend four hours a day with a parent or other caretaker 
who smokes only when not in the child's presence. Would this amount of smoke 
exposure be the same as that experienced when the parent smokes four hours per day in 
the child's presence? The other case involves the parent who smokes outside the home. 

He or she would be categorized as a "smoker," but the child’s smoke exposure would 
not be equivalent to that of the first case, nor to that of a child who is exposed 
continually to smoke by a "home smoker." 

Quantitative examination of cotinine breakdown product of nicotine metabolism) 
in the urine, saliva, or blood, as a validation of exposure, has not been included in any of 
these studies. This chemical assessment of smoke exposure has been shown to be a 
reliable measure of passive smoke exposure in children [37-41]. 

Outcome variables have included one or more of the follow ing: (!) symptoms and/or 
diagnoses of lower or upper respiratory tract illnesses (c.g., cough, bronchitis, 
tracheitis, bronchiolitis, pneumonia); ( 2 ) pulmonary function testing, primarily oT 
older children: ( 3 ) height; ( 4 ) amount of functional disability: or ( 5 ) hospitalization or 
emergent room visits. 
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Definitions of respirators illness have included self-report of symptoms of illness, 
review of medical records from physician's offices and/or hospital out- and inpatient 
sources, and categorical responses to lists of symptoms of illness. In the few studies 
with multiple sources of information, there have been no procedures to handle data 
that might differ according to the source of information (e g., self-report, hospital 
records) 118,22). Only one large prospective study contacted families at frequent 
intervals so that symptoms, home management, and physician contact could be 
accurately recorded (I JJl 

To date, there have been no standardized methods developed to test the association 
between passive smoking and child health. The aim of this review is to examine specific 
methodolbgic criteria in studies investigating the relationship between passive smoking 
and child health. This examination may help to explain some of the variation found in 
these studies and provide a reference for some of the issues to be considered in future 
studies. 

METHODS 

All articles describing research which focused on the relationship between passive 
smoking and child health, published in the English language since 1970, were 
requested through the MEDLINE information service. 

Articles were reviewed by the two authors independently to determ me (U the typeof^L^-^ T^&tw*** 
study. (2) the sample size. (3) the age of the study group, and (4) the outcome variibies'?;^^^. v*; 

used to assess the effect of exposure to passive smoke on child health. 

In addition, methodological criteria were adapted from Horwitz and Fcinstein [431. 

These criteria were chosen because they were important issues which may significantly 
afTed the outcome of a study. Some of these criteria were used in a recent review of the 
association between breast-feeding and infection by Bauchner et al. [44]. ~ > /• - v. v 

The methodological criteria used in our review are Ibted below. 

I . Data Collection: The Use of " Blinded " Data Collectors: It is important that ;r . 

research personnel know as little as possible about the details of the hypotheses being " 

tested, and not know the smoking status of study participants during (If pulmonary< 
function testing and (2l the questioning of study subjects regarding symptoms of ; : ^ v 
illness. This lack of information is to ensure that interviewer technique is unbiased and 
standardized. If the examiner knows that the subject is a heavy smoker, he or she may 
expect a great number of symptoms related to respiratory illness in the subjects* 
children compared to those of subjects who are not smokers. The result could be a 
falsely elevated number of symptoms detected in smokers* families, compared to 
non-smoking families. 

2. Surveillance Bias . In many prospective studies, recall of children's symptoms 
of illness by parents is often used as an important outcome variable. Ideally, the period 
of time used for reealt should be minimal. We arbitrarily defined a reasonable period of 
recall as at least twice in a twelve-month period. 

3. Definition of Smoking Exposure: Smoke exposure can occur at fli home, (2 | 
day care. (3) school, or t4\ wherever a child spends moat of his or her lime. The 
evaluation of this variable should also include an assessment of current and prior 
smoking exposure by parents, household members, and child care providers. This 
information is particularly important in view of the large number of children attending 
day care [46]. Chemical analysis of the breakdown products of nicotine metabolism is 
also an important element of verification of the amount of smoke exposure. 
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4. Definition of illnesses: This category is important for generalizability of 
findings. Whether using reported symptom* of respiratory illness or diagnostic 
definitions related to upper or lower respiratory tract disease, criteria for illness should 
be established prior to the start of the study This information may be obtained from 
self-reported results, direct interview with a subject, or abstraction of information from 
medical records. The methods and questions used to obtain this information should be 
described by study investigators. 

5. Detection Bias: All study participants should have an equal chance for 
detection of the target symptom or disease by the study group interviewer or medical 
record abstractor. Adherence to this criterion may help to eliminate bias if children 
living in families where there are a lot of smokers are seen more frequently in healLh 
care facilities than children from families where there are no smokers. Children from 
smokers' families would show a higher number of symptoms and therefore be assumed 
to have a higher amount of morbidity related to the quantity of smoke exposure in the * 
household. All children should be seen an equal number of times by members of the 
study team assigned to assess respiratory symptoms, measure pulmonary function, or 
lest the chemical by-products of nicotine metabolism. 

6. Hi* Use of Multiple Outcome Variables; The results of multiple outcome 
variables will enable the investigator to compare data from multiple sources; that is, 
those obtained through chemical analysis or by questionnaires. This information can 
either strengthen the results of the study (all of the data suggests a single result) or 
weaken the results (conflicting results according to the source). Outcome variables in 
these studies include: ft )'the verbal report by one or both parents of all symptoms of 
respiratory and other illnesses, ( 2 ) pulmonary function testing. ( 3 } hospitalization 
rates, (^disability or activity restriction, and (.5/emergency room visit. 

7. Control for Confounding Variables: The causal relationship between passive 
smoking and child health should be adjusted for potcntial confounding variables. For 
example, when examining the relationship between passive smoking and a symptom 
such as cough, it is important to recognize different potential reasons (other than 
exposure to cigarette smoke) for increased coughing among children in a family. 
Increased cough could be due to exposure to common respiratory viruses in other 
family members and have no relationship to passive smoke exposure. If there is a 
significant relationship between cough and these variables during preliminary bi¬ 
variate analysis, they should be included in appropriate multivariate analyses to 
determine what effect they have on the relationship between passive smoke exposure 
and cough. 

As shown in Table I, each study was examined for adherence to the principles of 
each of the seven criteria. A four-point scale was used for each criterion. A “0" score 
meant that ihe criterion was not applicable to the study. A **V' score meant there was 
poor adherence to the criterion. A ”2” score meant there was moderate adherence to 
the criterion. A "3 M score meant there was complete adherence to the criterion. Any 
disagreement between authors was resolved by consensus opinion. A “good** score was 
defined a priori as *75 percent. 

RESULTS 

Thirty research articles focusing on the relationship between passive smoking and 
child health were reviewed (1,3.5-30,32,33]. Table 2 shows the type of study, sample 
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TABLE I , ~ , \ .,■ ir C 

■ v > $corifi|~GuidtNnes for Methodological' Criteria ■■£■:■■;■ 




■ ■ 

■ SCOT* 


Criteria* 

0 

i 

2 

) 

Data collection 

na 

No "Winding’* 

Some “Winding" docu¬ 
mented 

“Blinding" documented 

Surveillance bias 

NA 

Subjects seen leu 
than yearly 

Subjects seen yearly 

Subjects seen rort than 
once per year 

Smoking 

NA 

Current smoking 
by parents 

Current and prior smok¬ 
ing by parents 

Considered child care and 
home exposure since con¬ 
ception of child 

Illness 

NA 

No clearly defined 
illness catego¬ 
ries 

Minima) definitions of ill¬ 
ness 

Clciriy defif'^d illness cate¬ 
gories with criteria 

Dried ion bus 

NA 

No attempt to see 
all subjects 

Some attempt to see all 
subjects 

All subjects seen an equal 
number of times 

Outcome 

NA 

Examined only 
one van* We 

Examined two variables 

Examined PFT. tymptomi. 
cot mine (a)) 

Con founding 

NA 

None 

Control for <J variable* 

Control k) variable* 


■Consult text foe complete definitions of criteria. 

NA: not applicable 

PFT; pulmonary function test 


sire, age of subjects, and outcome variable*. Fourteen of 30 (47 percent) of the atudiea 
were prospective, and 15 of 30 (50 percent) studies were crou-aectional. One study was 
a case-control study. Sample sues ranged from 276-13,000 subjects. The ages of study 
subjects ranged from birth to 19 years. Fourteen studies (47 percent) used pulmonary 
function testing, and 24 (80 percent) studies used symptoms of respiratory illness as 
outcome variables. Only 10 of 30 (33 percent) studies used both pulmonary function 
testing and reports of symptoms of respiratory illness. No studies used quantitative 
assessment of nicotine metabolism to validate the verbal report of smoking history by 
study subjects. Table 3 shows the results of the methodological criteria evaluation. Two 
scores were used in the evaluation of the criteria. The first wa* the score (0-3) for each 
criterion added across all studies (rt - 30). The maximum -vore for any one of the 
seven criteria was 90; The second score was based on the performance of the individual 
study in each of the seven methodological criteria (total of all criteria scores/tota! 
score possible). , * ^ , , 

1. Data Collection: The Use of "Blinded" Data Collectors: Only two of 30 (6.7 
percent) studies recognized the potential impact of biased data collection on study 
results. In one study “the reading aloud of all study questions without any subjectivity 
by the research assistant" was performed (24). In the second study, "interviewers were 
not. uware, of study hypothesis or the case/control status of subjects" (7). Undoubtedly 
other studies included this concern in data management but failed to note this fact in 
their publications. This criterion had the lowest score of any of the seven meihodobgU 
cal criteria (33 of 90. or 37 percent). 

2. Surveillance Bias: In 16 studies, subjects were evaluated once due to the use of 
a case-control or cross-sectional study design. Four studies (4 of 14 - 29 percent) 
adhered to this criterion by contacting study subjects more than once a year. Pedreira 
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TABLE 2 

Basic Mcthodolofic Siructurt of Pauivc Smoking Child Health Studie* 


Study 

(Reference) 


Type of 
Study* 


Sample 

Size 


Age of 
Subjects 
(years) 


Outcome Variables* 

PFT Symptoms Other 


Bcrkey f I0J 
Bcrkey (II) 

Bland (20) 

Bonham (19) 

Burchfield (U) 
Cameron (2*] 
Charlton (I) 

Chen (291 
Chen (30) 

Colley (18) 

Colley (17) 

Dodge (23) 

Ekwo (24) 

Evans (Of; 
Fergusson (211 
Ferguuon (22) 
Cortmaker (9| 
Harlap (16) 

' HaiaelbUd [25| 
Lebowiu (32) 
Lector (26),, ’ 

McConnochie (7) 

■ V: 

Pedrtira (6) 

Rons (12) 
Schilling (33) 
Tager (3) 

Tager (5) 

Tashlun (28) 

Ware (IS) 

Weiss (I) 


P 

P 

cs 

cs 

cs 

cs 

cs 

cs 

p 

p 

cs 

p 

cs 

cs 

p 

p 

cs 

p 

cs 

cs 

p 

^ cc 

* '?' * 

p 

p 

cs 

p 

p 

cs 

p 

p 


9.27J 

7.834 

5.835 
37.000 

households 

3.482 

695 

15.000 

371 

1.16) 

2.205 

2.426 

,v,W5 

U35 

276 

1.180 

U65 

3.072 

10.672 


6-1 ti 
6-10 

Secondary school 
0-16 









*CC: case-control; CS. crow-sect iooal; P: proapective 

*PFT: pulmonary function testing; Symptoms: symptoms and/or diagnom of respiratory ill¬ 
ness; Other: height, activity restriction, hospitalizations, and emergency room visits; + : outcome 
variable examined; - : outcome variable not examined 


ct al. were able to check alt study subjects during their well-baby examinations during 
the first year of life (6). Weiss et al. and Tager et al. contacted study families by 
telephone every two weeks for a two-year period and collected information about 
symptoms of respiratory disease (1,3]. Fergusson et al. contacted study subjects at four 
and twelve months of age (21]. 

3. Amount of Smoking Exposure: Ten studies (33 percent) examined current 
smoking habits of parents. Twenty studies (67 percent) examined current and prior 
smoking habits of parents. No study examined other potential sources of passive 
smoking exposure such as child care exposure. The amount of smoking was classified 
as either the presence or absence of smoking in each parent (23-25,27), household 
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TABLE 3 

fcrw/c* cf Awe»mewf of Puwt Smokmf/CluW Health Studies 


Methodological Criteria* 
and Score* 


Proport»onj| 


'Methodological criteria 
ncis: 5: Detection bias: 

*Scort 0: not applicable: 
ria: 3: adhered to criteria 

Total of all category acorti 


I: Data collect Km; 2: Surveillance bias: 3: Smoking; 4; III. 

6: Outcome: 7; Confounding 

I: poor adherence to criteria; 2: moderate adherence to crile- 




Study |Reference] 

1! 

2 

3 

4 

5 

6 

7 

Score' 

% 

Berkey 110} 


2 

1 

3 

3 

2 

3 

15/21 ' 

?l 

Berkeyjll) 


2 

l 

3 

3 

1 

3 

14/21 

67 

Blind [20) 


0 

2 

3 

3 

1 

2 

12/11 

67 

Bon him [19] 

1 

0 

1 

3 

3 

1 

3 

12/21 

52 

Burchftel |I4) 

1 

0 

2 

3 

3 

2 

3 

14/IS 

71. * 

Cameron [27] 

1 

0 

1 

1 

3 

1 

t 

*/n 

■44 ^ 

Charlton |1) 

1 

0 

2 

1 

3 

! . 

3 

11/11 

6! 

Chet* [29] 

1 

0 

2 

0 

3 

2 

3 “ 

11/15 

73 

Chen [ 30) 

1 

1 

V 

2 

3 

2 

3 

14/21 

67 

Colley |ll 81 

l 

2 

2 

1 

3 

1 

1 

lil/21 

52 

Colley IP) 

1 

0 

■> 

1 

3 

1 

1 

9/21 

43 

Dodge[23] 

1 

2 

1 

3 

3 

2 

1 

13/21 

62 

Ekwo |24) 

2 

0 

2 

3 

3 

1 

2 

13/18 

72 

Evans [13] 


0 

1 

2 

3 

2 

3 

12/11 

67 

Fcrguuon [21 ] 

1 

3 

1 

3 

3 

I 

3 

15/M 

71 

Ferguuon [22] 


2 

1 

3 

3 

1 

3 

M/21 

67 

Gortmaker [9|; 

1 

0 

1 

2 

3 

1 

3 

It/ll 

61 

Hlrlap (16) 

t 

0 


3 

3 

2 

1 

12/ IS 

67 

Hauelblad [251 

t 

0 

2 

3 

3 

2 

3 

14/It 

71 

Lebowiu [12] 

1 

0 

2 

3 

j 

1 

1 

11 /IS 

61 

Lecder[26] 

1 

2 

2 

2 

3 

2 

2 

14/21 

67 

McConnochic j7) 

3 

0 

2 

3 

3 

2 

3 

16/11 

19 

Pedrciro [6] 

1 

3 

l 

3 

1 

1 

1 

11/21 

32 

Rona (12) 

1 

1 

2 

3 

3 

l 

3 

14/21 

67 

Schilling |33| 


0 

2 

3 

3 

2 

3 

14/11 

71 

Tager |3| 

1 

3 

2 

3 

3 

2 

3 

17/21 

SI 

Tiger [5] 

j 

2 

2 

3 

3 

2 

3 

16/21 

76 

Tashkin |2S| 

1 

0 

2 

3 

3 

2 

3 

14/18. 

78 

Ware [15] 

1 

2 

2 

3 

3 

2 

3 

16/21 

76 

Weiss | ll| 

1 

3 

2 

3 

3 

2 

3 

17/21 

St 

Proportional Score' 

33/90 

30/42 

50/90 

75/17 

88/90 

A6/90 

73/90 



% 

37 

71 

56 

S6 

91 

51 

SI 






'Proportional Score ■ 


Total ftcorc pouible 


smoking pattern which included past and present smoking habits [3,15], and the toul 
number of cigarettes smoked per day by each parent [11]. Perhaps the most extensive 
classification of smoke exposure was by Burchfiel et aL [14]; five measures of passive 
smoking were used in that study. The five were: current and past smoking habits of 
both parents (each parent rated either never, current, or all others), number of parental 
smokers during the child's lifetime (0; 1, or 2), number of current household smokers 
(0,1,2,3,or more), and duration of parental smoking [14], Chen and Wan Xian used 
the total amount of cigarette exposure (from birth) during a child's life (e.g^ ten 
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cigarettes per day for ten years equals a total of 3,650 cigarettes/year x 10 years - 
36.500 cigarettes) [29-30]. No study validated the reports of parental smoking with an 
analysis of the metabolites of nicotine metabolism. 

4 Definition of Illness: Most studies defined specific criteria for respiratory 
illness using either s>mptoms of respiratory disease (17.26) or specific diagnostic 
categories [6.16]. Several studies used the Epidemiology Standardization Project 
Questionnaire [47) to record symptoms of illness 15,7.15.24,25,28,32). Fergusson 
created his o*n a priori definitions of respiratory illness based on a diary of symptoms 
kept by study participants during their children?* first three years of life [22). 

5. Detection Bias: In most studies (29 of 30) (97 percent), all subjects were 
examined the same number of times. Only one study examined subjects an unequal 
number of times. In that study, illnesses which were managed at home were not 
surveyed [6], which could have reduced the incidence of respiratory illness detected in 
either the smoking or non-smoking family group. This criterion had the highest total 
score of any of the seven criteria (88 of 90, or 98 percent). 

6. Use of Multiple Outcome Variables: There were a variety of outcome 
variables examined in studies. These included one or more of the following: pulmonary 
function testing, symptoms of a respiratory illness, height, activity restriction, hospital¬ 
izations. and emergency room visits. Fourteen studies (47 percent) examined one 
outcome variable. Sixteen studies (53 percent) included two outcome variables. 

7. Control for Confoundinf Variables: Twenty-three of 30 (76.7 percent) of the 
studies included some adjustment of results for potential confounding variables. The 
variables which were considered included gestational age, maternal age, rice, educa¬ 
tion. number of children in the family, family living standards, duration of breast¬ 
feeding [21 ]k parental smoking habits, gender of child. Illness in other children (261, 
and type of cooking gas [24]. Most of the studies that included confounding variables 
considered at least four different variables in their statistical analyses (equal to a score 
of “3” on the methodological criteria assessment). 


DISCUSSION 




Several recent reviews have documented the effects of passive smoking on pulmo- v 
nary function and on the incidence of respiratory disease (2,45). This study focused on 
the specific methods of data collection and definitions of smoke exposure, illness 
criteria,, and outcome variables in order^ .for the range 

: - ^findings noted in these r^ews/Tt^ i^hodolc^ differc^^ 

effects on outcome and produce bias in study results. ^ \ * 

This review demonstrates the lack of uniformity in basic issues of methodological 
approach to this research question. Of particular note ere the poor scores of those 
criteria focusing on (ll data collection. (2) the number and type of outcome variables 
examined, and (3) the evaluation of all potential sources of smoke exposure in study 
subjects. Studies using personal interviews to evaluate symptoms of respiratory disease 
are highly dependent on the training of the research team. Part of this training includes 
methods of unbiased objective evaluation of subject responses. Furthermore, the 
failure to “blind** research personnel to the smoking habits of study subjects can 
adversely ofTect their responses and therefore bias results. If the examiner knows the 
subject is a heavy smoker, his or her questioning and evaluation of responses could be 
biased. In such a case, research personnel may expect more symptoms from the heavily 
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smoking group and may prompt those subjects more, as compared to those subjects 
who are not heavy smokers. 

Vfost studies examined only one or two outcome variables, including pulmonary 
function testing and symptoms of respiratory illness. No study considered either 
infectious or non-in feciious illnesses other than respiratory illnesses which may have 
been affected by passive smoke exposure. 

Most studies examined the quantity of passive smoke exposure as the result of 
current and/or prior smoking habits by parents. No study addressed the issue of other 
sources of smoke exposure. Children can be exposed to significant amounts of passive 
smoke exposure outside the home. This fact is important in view of the recent increase 
in child care alternatives used by parents [46} No study validated verbal reports of 
smoking by using a quantitative analysis of a metabolite of nicotine metabolism. In 
view of the reasonably good correlation between cotinine levels and reported passive 
smoke exposure, this relatively inexpensive assay would be of substantial value iin 
future studies [38-41). 

The reason for the wide range of effects of passive smoke exposure on child health is 
still unclear. Nine out of the 30 (30 percent) studies scored *75 percent. Those studies 
which had the highest score on methodological criteria generally luppoftfitehypodfe- 
sis that passivt smoke affects child health. McConnochie and Roghmann found passive . 
smoking directly .elated to the risk of developing bronchiolitis (odds ratio - 3*21 , p , 

.004) [7). Tager et al. found a direct measurableeffect of passive smoking on ^ 
pulmonary function, although no relationship was found between parental smoking ' 
and respiraiory illness [5]. Weiss el al. found a significant relationship between 
parental smoking and persistent wheeze (/> - 0.012) and pulmonary function [2\. 

Therefore, even though a large number of studies have been completed on this 
subject, further work remains to delineate the precise “dose-elf ect" relationship of this 
toxin. Both public and research policy would benefit from a more standardized 
approach to research in this field. Public policy might benefit by defining the benefits 
reasonably to be expected from intervening at specific times to prevent ongoing 
exposure to passive smoke. Research policy might benefit by developing a clearer 
approach toward the experience of studying this toxin and applying this knowledge to 
other new areas in the smoking arena, such as in studies of the effects of smokeless 
tobacco. 
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LUNG FUNCTION IN CHILDREN 


The studies that have investigated lung function in 
children and its possible relationship to environmental tobacco 
smoke exposure are presented in this section. To aid in the 
interpretation of this literature, definitions of the major lung: 
function parameters are provided below. 


Df : One of the most widely used measures of pulmonary function 
in adults and children is forced vital capacity and is represented 
in the literature as FVC. This term refers to the maximum volume 
of gas that a person can expire as forcefully and rapidly as 
possible from their lungs immediately following a maximal 
inspiration of air. When a person's ability to expire air 
forcefully and rapidly from their lungs (FVC) is compromised, this 
can possibly be an indication of chronic obstructive lung disease. 
Decreased FVC is common in restrictive diseases such as pulmonary 
fibrosis and in obstructive diseases such as emphysema and asthma. 

M: A second important measure of pulmonary function is the 
forced expiratory volume in one second, which is abbreviated; as 
FEV1 in the literature. The FEV1 measure is simply the amount of 
air that is expired in the first second of the FVC maneuver. As 
with' FVC, this parameter is useful in the assessment of airway 
obstruction. The two parameters, FVC and FEV1, are often used; in 
a ratio to determine the percentage of a person's FVC that is 
expired in the first second of the maneuver. A FEV1/FVC ratio 
lower than 65% to 7 0% is characteristic of obstructive Hung disease. 
On the other hand, subjects with restrictive lung disease will 
often show a normal or exaggerated FEVl/FVC value. 

Df: Forced expiratory flow, known as FEF25%-75%, is the 
average rate of flow of air during the middle half of an FEV 
maneuver. The FEF25%-75% is indicative of the status of the medium' 
and small sized airways. Decreased values of FEF25%-75% are common 
in the early stages of obstructive lung disease. Low values of 
FEF25%—75% in combination with normal values of FVC and FEV1 are 
often indicative of early small airways abnormality. Reduced 
FEF25%-75% are sometimes seen in cases of severe restrictive disease 
as well. 


All of these measures share a common problem: accurate 
assessment requires the full cooperation and maximal effort of the 
subjects under investigation. Accurate measures are sometimes 
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therefore difficult to obtain, especially when the subjects are 
young: children who do not fully comprehend the requirements being 
made of them in the pulmonary function tests. The studies are not 
consistent in the lung function parameters they measure, and there 
is also a lack of consistency among the results of the same function 
tests across studies. Following is a presentation of the major 
studies that have examined these lung function parameters in 
children. The investigators who have found associations between' 
impaired lung function and ETS exposure are often uncertain of 
the clinical meanings of the small decreases observed in their 
studies. Therefore, it is not suprising that no definitive 
conclusions have been reached regarding ETS exposure and its 
possible association with lung function in children'. 


ro 
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RESULTS OF SELECTED STUDIES: CHILDHOOD LUNG FUNCTION 


STUDY 

EFFECT ON FEV1, FEV.75 

EFFECT ON FEF25-75% 

Tager 1976 «***• 

decrease 

not reported 

Tager 1979 ,m 

none 

decrease 

Weiss 1980 

none 

decrease 

Tager 1983 

decrease 7% 

none 

O'Connor 1987 'W 

decrease 5-7% 

decrease 14-15% 

Ware 198 4 ****** 

decrease .6-.9% 

not reported 

Be r key 1986 ««***-*. 

decrease .85% 

not reported 

Hasselblad 1981 *■* 

decrease .5-2% 

not reported 


none 

. 

decrease 2.5% 

Ekwo 1983 

none 

none 

Vedal 1984 ***** 

none 

decrease 4% 

Spinaci 1985 

decrease 

none 

Chen' 1986 M0& 

decrease 3% 

decrease 6% 

Burehfiel 1986 ■.*"**• 

decrease 4-5% 

not reported 

Yarnell 1979 

decrease 3% 

decrease 12% 

Tecu'lesoo 1986 

decrease 5% 

not reported 

Tsimoyianis 1987**- 

not done 

decrease 

Lebowitz 1987 *** 

none 

not done 

Leeder 1976 *** 

not done 

not done 

: Schilling 1977 

none 

not reported 

Speizer 1980 

none 

not reported 

Dodge 1982 

none 

not reported 

Lebowitz 1984 

none 

not reported 

Lebowitz 1984 

not done 

not done 


Adapted from Witorsch 1989 
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Mandi, A., Galambos, E., Galgoczy, G., Szabo, M-, Kollar, K. 
"Relationship between Lung Function Values and Air Pollution Data, 
in Budapest Schoolchildren" Pneumonoloqic 150: 217—225, 1974 

ABSTRACT. The clinical condition and lung function of 14-year-old 
schoolchildren from three different districts of Budapest were 
recorded monthly between November 1972 and May 1973. Raw anc ^ SG aw 
values and lung volumes were measured and air pollution was recorded 
simultaneously. The latter differed significantly in the three 
districts. Although there were significant differences between 
the monthly lung function values and monthly air pollution, there 
was no evidence of any connection between the function values and 
environmental factors. 
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Relationship between Lung Function Values and Air Pollution 
Da a, in Budapest Schoolchildren* 


A. Mindi, E. Gakmboi, G. Gtltdczy, M. SiaW, tod K. Kollir 

Scat* Institute of Occupational Health (Director: Prof. Dr. mcd. M. Timdr) 
and Institute of Hygiene and Epidemiology of the City of Budapest 
(Director: Dr. mcd. F. Cics), Budapest* Hunguy 


Abstract. The clinical condition and lung function of 14-year-old sdioolcMldrm from 
three different districts of Budapest were recorded monthly between November 1972 and 
May 197X A* v and SG t » values and hint volumes were measured and air pollution was 
recorded simultaneously. The Utter differed significantly in the three districts. Although 
there wen significant differences betw een the monthly lung function values and monthly 
air pollution, there vu so evidence of any connection be t w een die function values and 
environmental factors. 

Xry words; SdsoolAIldren — Environmental Factors — Lung Function Values. 

The correlation between air pollution and respiratory diseases hat become a very 
topical subject for study ever since the “smog catastrophe" in London in 1952 [29]. 
Many results have demonstrated a dose correlation between air pollution and mete¬ 
orological factors on the one hand, and respiratory complaints [8, 17, 20, 2-4, 36, 40, 
4respiratory morbidity [I, 3, 4, 9, 13, 16, 17, 20, 32, 41], mortality [3,9. 20, 29] 
and respiratory function values [6, 15, 16, 17, 20, 28, 37, 38, 39, 43, 44] on the other 
particularly in young children, school-children, the elderly and in patients with diro- 
ftic respiratory diseases [1, 3, 9, 13, 37, 40^ 43,44]. The causal role of smoking, social 
factors, the ‘urban factor" and respiratory infections in adolescence have also been 
emphasiaed in respect of the development of chronic bronchial diseases [5, 8 , 10, 14, 
22, 24, 35]. On the other hand, other authors have failed to demonstrate any such 
relationship with respiratory complaints [11, 15, 26] or respiratory function [2, 18, 
23,30,33, 34]. 

In order to establish the short-term and long-terra effects of air pollution and 
meteorological factors on the respiratory system, between November 1972 and 
May 1973 we carried out serial tests on 14-year-old schoolchildren in Budapest. 


Materia] and Method 

Three classes were selected from different parts of the city. The £m school was in the 
centre of the city where air pollution and population density are at their greatest; the 
aecood was on the edge of an industrial area in the middle of a new housing estate, and the 
third school was m a noo-iadustrialtred suburb where the population density was fairly 

J»w (Kg-1). 


• This work was carried out with she s u p port of the Co m mi ttee for Environmental 
Control of the City of Badapen. 
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Fig. 1. The locality of thr measuring stations tad the sAooli. TV population AnoV h 
tadb district. Density of population: 1. » 23931, 2. » Sill, 3. m 2301; # ■» air wrapling 

muon 


Tie thrre clams (Vlllth class of the primary school) contained 16 diildrta. These 
children were rxa mined one* a month from Kerr ember to May, seven times in alL TV 
Hungarian educational s y n em is to arad tV children of each district to specific primary 
schools, and so tV children are representative of the population of that district. Air pol¬ 
lution in the ivclnity of the schools was monitored throughout the period of the investigation. 

Before the examinations, we prepared a questionnaire foe each child ia whidt we re¬ 
corded previous diseases, school absences for respiratory ailments, details of home cooditiooa 
and the parents* smoking habits and, possibly, those of the children. Each month the dxildrea 
were examined clinically and their lung function was tested. 

For analysing lung function we used a volume-constant body plet by smo gr xph (Bodysest, 
Jaeger Co, WOriburg). Intrathoracic gaa volume (TTGV) and total airway resistance (B*») 
were determined by the plethysmography principle, and vital capacity (VC> from the iate- 
grated potumouAygram. Total lung capacity (TC), residual volume (RV, XV-1X/TC) and 
aptcific conductance values ($G«*—X*w***rTGV~ t ) were calculated from the above parame¬ 
ters. Eaxh month we also recorded the respiratory ailments, aay lesplratory disease and ab- 
—cm from s c h oo l . 

We measured dm monthly mean readings for SO,, NO* and a* conce n tration and 
the amount of dustfall, and the daily readings for SO,, NO, and Cl, concentrations, and 
simultaneously recorded the meteorological parametm, outside temperature, humidity and 
barometric pressure. Monthly means for SO,, NO, and Cl, concentration were calculated 
from samples elposed for 20 minutes. Samples were collected eight to ten times a month 
at the same time at all measuring nations (between 11 JO aA. and 2£p.m.). We used die 
parmroeaniline method to determine the SO, concentration. NO, concentrations were 
measured by the sulphanilic a eld-alpha-naphthyl* mine method and Cl, concentrations by 
the Na-arsenite-sUvcr nitrate method; The concentrations art stated in mg/m*. We measured 
dustfall continuously, and stated the dust levels in g/m’/oonth. 
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JULitioxuhip betw e en Lang Function Values and Air Pollatioc Dau 

The results vert analysed statistically by variance analysis, variance analysis for two- 
way rhnlfira uon and by random Mod analysis. 

Results 

The expected correlation b e twe en the monthly means for SO, concentration and 
the seasonal or heating periods was in fact demonstrated. SO, concentrations varied 
in the districts studied, the highest levels being found in the middle of the city 
around the first sdool (mean monthly value bring 0,91 mg/m 1 in December) and the 
lowest levels in the suburb, around the third school (Fig. 2). There were no seasonal 
or local differences between NO, and Cl* concentrations. The maximum mean 
monthly NO x concentration was 0,19mg/xn* and the Cl, concentration 0,36mg/m a . 
There were very large fluctuations in the levels of dustfall in the vicinity of the first 
and second schools (maximum 37 and 38 g/mVmontb, respectively). The fluctuations 
were not seasonal There were fairly small fluctuations and low absolute readings in 
the vicinity of the third school, the maximum bring 6 g/mVmonth. Temperature and 
humidity showed the usual seasonal variations with a minimum temperature and 
maximum humidity in January (-0,7° C, S6Vs) and with the reverse maximum and 
minimum levels In May (+17,1* C, 55*/*). 

Table l shows the children classified according to school and sex, with the corres¬ 
ponding Broca Index values. There was no significant difference between the Broca 
Index values for schoolchildren from the different schools (Table 1). 

There was no significant difference between the ITGV, R«« and $G* W values for 
boys and girls. On average, vital capacity was about 400 ml higher in the boys 
than in girls in all classes. The mean R* w values were higher than those reported in 
the literature for healthy adul ts [31). 

Ve did not find any significant difference b etwee n the mean R** values in rite 
three cissy* These means were calculated from seven measurements. The results of 



Fig- 2. The monthly wim for SO* conetotratioo (mg/m*) from Nov em b er 1972 so May 
2973 is tbe three measuring moons 
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Table 1. 71 m number of children in ad) dan. Broca Index 
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Table 2. Tbe monthly mean for total airway romance (B*v) » tbe three claim fro 
November X972 to May 1973. Statistical results, p values at tbe ead of tbe lines show th 
results of variance analysis, p value below tbe mean annual values shows tbe level c 
significance betwe en tbe three means 
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Table 3. Means for vita l cap acity (VC), residual volume (KV), total capacity (TC) and 
in era thoracic gas volume (ITGV) for cadb of tbe classes with monthly minima and maxima 

St at is ti ca l results 
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Kg. 3. Tbe meant for romance to flow (A»») in the t brtt daises from November 1972 

to May 1973 



Kg. 4. TW monthly meaai far SO t concentration {a the tbw measuring mm and speci¬ 
fic ffmduaanrr ($G*v) in ibe ikm d u m from, November 1972 to May 1973 

▼tnanc* analysis indicate that die scan Tea diop for individual classes vert sta¬ 

tically heterogeneous during the investigation. There vrtre sig nific a n t differences 
between the monthly means in all classes. These differences also appeared in indi¬ 
vidual months between die three classes (Table 2). However, although in two 
classes the X«w values were actually lowest in May, there were no definite connec¬ 
tions between season or locality and the SO, concentration*—air temperature and 
humidity values (Fig. 3). There were similar fluctuations of the SG W values (Fig. 4). 
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T tbit 4. Statmkal mults of vanww* wuljrta for cw»f clmifiot ion of mptra 

function ptnaeun 
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Table 5. Resulci of random blodi analysis of mpiramry function parameters 
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There were significant difference* between the monthly TTGV and spirometrlc 
but there wu no evidence of a connection with environmental factor* (Table 3). 

There was no connection between the dally readings for environmental factory 
tad lung function parameter*. By performing variance analysis for two»way classi¬ 
fication on the whole of die material, we demonstrated chat the fluctuations in 
respiratory function values axe affected more by seasonal factor* than by locality 
factor*. The two factors mentioned above do not have a significant effect on the 
•carter of R** values; the scatter of SG* W values depends solely on time factors. 
These results demonstrate that the latter parameter* of respiratory function are more 
stable (Table 4). 

The mults from the children who took part tn all the investigations were eva¬ 
luated by random block analysis. The numbers were 17, 13, and 21 in the first, se- 
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w «md and third class- The analysis verified that the significant differences were 
affected more by the variations in measurement results between individual children, 
than by the fluctuations in respect of time in the same children. These results also 
showed that R aw and SG am values were the most stable (Table 5). 

We did not find any connection between air pollution and respiratory complaints 
clinical condition and school absences caused by respiratory diseases. The latter was 
highest in February in all classes (coinciding with a mild influenza epidemic). Simi¬ 
larly, there was no connection between home conditions, smoking habits of the par¬ 
ents and respiratory function values. 


Discussion 

From the results we con cluded that the respiratory function values, respiratory 
complaints and respiratory symptoms of healthy 14-year-old schoolchildren were 
neither affected permanently nor periodically by the prevailing level of air pollution. 
In our opinion, there is no permanent effect; This is based on the homogenity of the 
meant for K*« from the three classes. Since there is no definite correlation between 
air pollution levels as a function of time, and respiratory function values, we also 
doubt the short-term effect. It must be emphasized that the SO, concentration and 
meteorological conditions during the period of the survey did sot show any extreme 
variations like those which occurred during the "smog catastrophe", although the 
SO, concentrations were far above normal, healthy standards. Presumably the signi¬ 
ficant fluctuations in the monthly means of some parameters were caused by other 
exogenous factors not studied as yet. Presumably also, the effects of environmental 
factors would be easier to detect in younger children or in the elderly and ride people. 
It is also possible that the methods we used are unsuitable for diagnosing ver^ early 
changes in the peripheral airways. However, some of the more recent diagnostic 
tedmiqucaare still not completely satisfactory from the theoretical point of view, 
and we still know nothing about the importance of changes in the peripheral bronchi 
from the point of view of clinical prognosis [5, 5, 7,12, 21, 25, 2B, 42, 44]. We con¬ 
sider that, in view of the greater stability of the R k « and SG sv levels, these para¬ 
meters should be suitable for serial studies. Thus, in our view, the effects of air 
pollution on the respiratory system have not been fully elucidated. The unanswered 
questions can only be answered by undertaking longitudinal and vertical studies on 
larger populations, using suitable methods. 
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SUMMARY: Persons from 148 randomly selected households in an urban 
community were screened in their homes using a modified British 
Medical Research Council respiratory disease questionnaire and a 
portable spirometer. Analysis showed a significant tendency for 
chronic bronchitis to aggregate within households. Significant 
aggregation was observed for 1-sec forced expiratory volume, when' 
measured as the per cent of the predicted value or as a score 
calculated from the data. The 1-sec forced expiratory volume was 
significantly correlated between siblings, but less clearly so 
between spouses. Correlation of 1-sec forced expiratory volume 
between mother and child appeared to be confounded by maternal 
smoking habits, an effect most notable between mothers and : male 
offspring. The 1-sec forced expiratory volume of fathers was 
significantly correlated with that of their children, especially 
female children, an effect that appeared to be independent of 
smoking habits. 
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Household Aggregation of Pulmonary Function 
and Chronic Bronchitis" 


KA B. TAGER, BERNARD ROSNER, PETER V. TISHLER, 
PRANK E. SPE1ZER,' and EDWARD H. KASS 


Fcnoa from 141 randomly selected household* in an urban community were screened in their 
homes using a modified British Medical Research Council respiratory disease questionnaire and a 
portable spirometer. Analysis showed a significant tendency for chronic bronchitis to aggregate 
within households. Significant aggregation was observed for 1-sec forced expiratory volume, when 
measured as the per cent of the predicted value or as a score calculated from the data. The 1-sec 
forced expiratory volume was significantly correlated between siblings, but less ckarlv so between 
spouses. CanctetipBWf I -sec forced expiratory a nh rm c b e twe en mother and child appeared toI ml 
— foenrlrfl bymaternal smoking habits, an effect most notable b etw een mothers and maleeft 
sp rin gfTbe l-sec forced expiratory volume of fathers was significantly correlated with that of their 
children, especially female children, an effect that appeared to be independent of smoking habits. 


Introduction 

The possibility that familial {anon (apart from 
•^-anti trypsin abnormalities) may be important 
in the pathogenesis of chronic bronchitis and 
obstructive airway disease has received relative¬ 
ly little attention in the otherwise extensive lit¬ 
erature dealing with these entities. In one of the 
earliest modern investigations. Oswald and asso¬ 
ciates (1) noted that relatives of persons with 
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chronic bronchitis had a rate of bronchitis 3 
times that of the relatives of persons without 
chronic bronchitis. Ogilvie and Newell (2) 
found that a family history of bronchitis was 
twice as common among persons with bronchitis 
than among persons without bronchitis. How¬ 
ever. these investigators were unable to find any 
evidence for the cluttering of bronchitis within 
given households. Studies in monozygotic twins 
have demonstrated a significant concordance in 
the occurrence of chronic cough; moreover k the 
correlation was dearly independent of cigarette 
smoking (3). Studies in Tecumteh. Mich, have 
shown a familial tendency fori the occurrence of 
chronic respiratory disease, as well as significant 
correlation between levels of pulmonary func¬ 
tion in parents and their children and among 
siblings, regardless of sex (4). Household-fami¬ 
lial aggregation of bronchitis has also been ob¬ 
served by Colley (5) in a study that focused on 
the occurrence of bronchitis in diildren. 

The data presented here were collected as part 
of a series of studies designed to describe the oc¬ 
currence of chronic bronchitis and obstructive 
airway disease in *f defined urban population 
and to identify host and environmental factors 
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t ach age-rox group, a regression of FEVj 
bright was obtained, using only subjects 
rook bronchitis or obstructive airway dis- 
ach subject, a standard FEVj score was 
ccording to the kmqula, 

* nv,) - * 


ras found to be distributed approximately 
oond a mean of zero. with unit variance. 
yf data. Households were included in the 
complete historical and functional data 
tie for more than 60 per cent of the house- 
era. Households with 2 persons were in- 
if complete data were available for both 
carnation concerning age. sex. And smok- 
ras available from another source (Hy- 
htedion and Conuol Contract N01-HV- 
the National Heart and Lung Institute) 
mt of the nonpartidpants in this study, 
were compared to those for subjects for 
vere available to ascertain obvious biases 
pating subject group. 

«e hypothesis of household aggregation 
roochitis. a multivariate logistic model 
L Age. sex. and lifetime cigarette coo 
re used to obtain the probability of ©c- 
chronic bronchitis for each subject. 
*e probabilities, an expected number of 
lined for each household. The observed 
ax» in a household was assumed to 
moo distribution, with the parameter 
xpected number of cases obtained from 
sodet For each household, the pertm- 
‘•tributkxt corre s ponding to the actual 
on observed was computed. The ob- 
tiles were accumulated for all 1 house- 
tre then grouped by deciles. A chi 
■ns of fit test was then used to compart 
number of households in the deciles 
■led uniform distribution, which would 
lined if no household agg re ga tion were 

jrrditioc coeffirienu were calculated 
he method of Smith (9). This meth- 
weighted estimate of the intraclass 
f an accompanying standard deviation 
a in which the sue of the groupings is 
elation coefficients (product-moment) 
•rents (mother, father, and midpar- 
due lor mother plus value for father 
and their children were calculated 
parent-child pair to be independent, 
sal deviates baaed on sex-specific J- 
S lo 24 yean of age) and 10-ycar 
xs of age and older) age groups were 
tiing the correlation coefficients far 
■on analyses were carried out accord- 
v<n>- 


RoauKs 

The original sample was composed of 1;159 sub¬ 
jects in $38 households. Of this number, 13.1 > per¬ 
cent (152 of 1,159) had moved before the on¬ 
set of the study, and 11.6 per cent (154 of 1,159) 
could not be located after at least 3 visits to the 
household. Data were obtained for 633 of the 
remaining 873 subjects (72L5 per cent). One 
hundred forty-eight complete households were 
available for analysis from this group (table I), 
These households represent 469 subjects, or 74 
per cent of the total (469 of 633). Twenty-nine 
per cent (24 of 84) of households with more 
than 2 members did not have 100 per cent par- 
tidpation. In all but 2 instances, data were 
available lor all but one member of the house¬ 
hold (table 1). In comparison with the house¬ 
holds that were not available for analysis, dif¬ 
ferences were observed in the number of mem¬ 
bers per household (mean of 3.4 in participating 
households versus 2.7 among non participants; 
Xj = 16-39; P < 0.01); the number of rooms 
per household (respective means of 5.6 and 5.1); 
and in age distribution (under-representation 
of age groups 10 to 14 years, and 45 to 54 yean 
among participants). No significant differences 
were obtained for lex distribution, current ciga¬ 
rette smoking status, the duration of smoking, 
or the total lifetime consumption erf cigarettes. 
The average age of the children within the 
households was 13.8 ± 5.6 years (range, 5 to 3) 
yean). 

Application of the logit analysis resulted in a 
highly significant tendency for chronic bron¬ 
chitis to duster within households (xj = 90.72; 


P< 0.001). Similar analysis was not attempted 
for obstructive airway disease because of the 
small number of cases available for analysis. 

Level of pulmonary function showed a signifi¬ 
cantly greater similarity within households titan 
among members of different households (table 
2). Further analysis revealed that levels of pul¬ 
monary function for both FEV, per cent pre¬ 
dicted and FEV, score were significantly associa¬ 
ted among siblings, but not between husbands 
and wives (table 2). Similar associations were 
seen with the intxadass and produet-momeni i 
correlation of coefficients (table 5)^ With eith¬ 
er measure of pulmonary function, there was a 
highly significant correlation of level of pulmo¬ 
nary function among siblings (intraclass corre¬ 
lation coefficient, a = 0.26 for FEV, per cent 
predicted; p = 0.19 for FEV,, score). Between 
spouses, no such correlation could be found us¬ 
ing the product-moment correlation coefficient 
(r = 0.039 for FEV, per cent predicted; r = 
0.052 for FEV, score); however, for 29 spouse 
pairs in which both members were either cur¬ 
rent smokers or had never smoked, the correla¬ 
tion coefficient for FEV, pcT cent predicted was 
0.33 (t = 1.80; P < 0.1). When the children 
induded in the analysis were randomly reas¬ 
signed to nonbiologic parents, producing a 
distribution of sibship sizes identical to that 
found in the actual sample, the intradass corre¬ 
lation coefficient for FEV, per cent predicted 
was no longer significant (j> = 0.06 = 0.08; 
P = 0.45)j 

For mother-child pairs, there was a significant 
correlation for FEV, per cent predicted, but 


TABLE 1 

DISTRIBUTION OF HOUSEHOLD SIZES FOR 
HOUSEHOLDS AVAILABLE FOR ANALYSIS 
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RESULTS OF ANALYSES OF VARIANCE FOR LEVEL OF 
PULMONARY FUNCTION WITHIN HOUSEHOLDS 


Household Members 
bidudtd in Antlytit 

N 

F Values 

FEVt ,% Predicted 

F Values 
FEVj Score 

AM members, *11 households 

AM members. households of 3 

413 

ur 


Or mors persons 

270 

1.041 

1.62*' 

AN s*OW>ipt 

150 

2.23* 

V63* 

HuOvkHtH* 

160 

1.1V 

1,12* * 


•P < 0.05. 
< 0.01 
**P > 0.05. 


AM lor FEV X Boon (table 4jjFor the father* 
child and midparent-child pain, correlations j 
wot significant for both measures of pulmonary 
function (table 4). The midparent-chtld cor¬ 
relation for FEV, per cent predicted showed the 
highest correlation (r = 0.41), a value similar to y 
that found for the height correlations. In all 3 
parent-child categories for FEVj per cent pre¬ 
dicted^ female children showed a stronger cor¬ 
relation with i their parents than did male chil¬ 
dren. In no case was the correlation for malt 
children significant for FEV r per cent predicted. 
Random reassignment of all children without 
regard to sex eliminated the significance of all 
of the correlation coefficients for FEV r per cent 
predicted. 

•nmptkm'^ lifetime eb«P 

fHBpuoo, to normalize the. distribution, whidtja 
W skewed toward 

tibe level of pulmonary function Jntheif chiby, 
then, arisen analyzed without regard to sex of, 
dheehild <r' * ^030 and F<‘ OlOl for FEV X per" 

Ait 

abote> This iav e m > eoirreIatl^cott)^i&^ be 


explained solely by rise smoking habits of the 


children in clud ed in the analysis, because 26 per 
poent (27 of 104) of the chOdnen of Brothers who 
free pr esen t or ex-smokers were themselves 
emokers, versus 17 per cent (6 of 35) of the 
(Children pf mothen who had newer ducked (P; 
154 X 24 tot the difference.. In addition, r eg ret^ 
•son analysis combining male and chib 

dress levelled a significant inverse association 
b e tw een maternal smoking habits (expressed a?£ 
either lifetime amount, .consumed^ sipoUpg 
status* defined as ever ttt never smokeofand 
"fXV^per cent predicted in their children. This 
inverse correlation persisted even when the 
smoking status of the children was accounted 
for in the analysis (table 5). The highest in¬ 
verse correlations were found in the regressions 
that included data for both maternal and child 

^ child (Ldtfil repealed tha^^^^OTeS^ 
^twn w^^pmal smoking occ ur red only for 
male children. Because of the small numbers in- 
, volved, the sex-specific regression coefficients for 
both male and female "child's smoking history" 
were not significant, and they were not signifi¬ 
cantly different from each other (P=0.86 for 
difference). Maternal FEVj per cent predicted- 
was Dot independently associated with male ©P 


CORRELATION COEFFICIENTS FOR LEVEL OF, 
PULMONARY FUNCTION 
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IANCE FOB LEVEL OF 
D«N HOUSEHOLDS 


F Value* 

F Value* 

FEV| > Predicted 

FEVi Soar* 

ur 

* 

1.04t 

1.021 

2.23* 

1.63* 

1.15** 

1.12** 


iklrco included in the'iiulysis, because 26 per 
at (27 of 104) of the children of mother* who 
tc present or ex-«moken were themselves 
token, versus 17 per cent (6 of S3) of the 
ildren of mothers who had never smoked (P 
<L24 for the difference). In addition, regrev 
an analysis combining male and female chil- 
en revealed a significant inverse assodaiion 
tween maternal smoking habits (expressed as 
tber lifetime amount consumed or smoking 
atus, defined as ever or never smoked) and 
£V, per cent predicted in their children. This 
»cne correlation persisted 1 even when the 
acting status of the children was accounted 
r in the analysis (table 5). The highest in* 
rae correlations were found in the regressions 
at included data for both maternal'and child 
joking habits (table 5). Analysis by sex of 
iild (table 6) revealed that the invent correla* 
m with maternal smoking occurred only for 
ale children. Because of the small'numbers in¬ 
deed. the sex-spedfic regression coefficients for 
jth male and female "child's smoking history" 
•ere not aignificam, and they were not signifi- 
axtly different from each other (P = 0.86 for 
fference). Maternal'FEV, per cent predicted 
as not independently associated with male or 
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TABLE 4 


PRODUCT-MOMENT CORRELATION COEFFICIENTS FOR LEVEL OF 
PULMONARY FUNCTION BETWEEN PARENTS ANO CHILDREN 


Re iaeionthip 

No. o< Pa*n* 

r, FEVi> 

». FEV| Scot* 

r. Haight 

Matter-child 

140 

0.10* 

0.11 (NS**) . 

*3611 

Mother-maH 

child 

77 

*00 (NS)*** 

_ 


MotHif-ficnfit 

child 

03 

0.23 (NS)*** 

_ 

_ 

Fathar-child 

119 

0J5t1 

*10t 

*2911 

Father-mala 

child 

07 

0.17 (NS) 


_ 

Fathar tomato 
ahMd 

02 

0.341 

_ 

_ 

MtoPwnt-chWd 

•4 

0.41tt 

*171 

*3911 

Mtoperem mato 

child 

00 

*25 (NS) 

_ 

_ 

MkSperewrt-female 
child 

44 

0.511» 

- 

- 


*1 n each howeehold. MCh parent-child pe*r wM trwwd a* an independent pair 
tp < 0.05. 

••Difference not etontf leant. 

HP < 0.0). 

*“P > Oil for mat* eubjeet*; 0.1 > P > 0.05 for t*nW* eubieets. 


lemak child FEV, per cent.predicted in t 
itgrewon analysis (table 6)T A similar regrev 
sion analysis for fathers failed to demonstrate a 
significant inverse correlation of paternal smok¬ 
ing habits with child’s FEV, peT cent predicted. 
Paternal FEV, per cent predicted was. however, 
the most significant predictor (P < 0.05) of a 
female child's FEV, per cent predicted, even 


when the smoking habits of the fathers and their 
female children were indiided in the analysis. 
For male children, the regression coefficient for 
paternal FEV, per cent predicted was not signi¬ 
ficant Children from households in which fa¬ 
thers were interviewed were similar to those 
from household! in which mothers were inter¬ 
viewed, in terms of age (13.4; ±5.5 versus 15.6 


TABLE 5 

REGRESSIONS* OF CHILDREN'S )-SEC FORCED EXPIRATORY VOLUME <FEV t ), EXPRESSED AS 


PER CENT PREDICTED, ON MEASURES OF MATERNAL AND 
CHILD CIGARETTE-SMOKING HABITS 
(BASED ON 140 MOTHER-CHILD PAIRS) 


Regrateton Coefficient* 

Mata mat Maternal 1 Maternal 

Lifetime Smoking FEV| % 

Conawmpt k>r»1 Hietory** Predicted 

Metemef 

Smoking 

Hmofy** 

•Conetent • 

Standard 
Error erf 
Eat (mate 

CoeHi- : 

Iclent of 
* Determi¬ 
nation 

F Value 

for 

Regression 

-T.90* “T 

_ 


-7.29111 

111.58 

14.45 

0 14 

10 48» »1 


-0.91* ** 

— 

-0.11T** 

111 .38 

14.64 

0 12 

0.97111 

_ 


0.12H 

-7.44* ** 

92.93 

14.92 

0.06 

5.6 V* ** 


—*42* ** 

0.1011 

— 

M.75 

14.07 

0 08 

* 13* * * 

-1*4*** 

_ 

0.0911 

— 

100.90 

14.72 

0.10 

7.59111 

“ 

- 

0.15*** 

- 

09.29 

15.20 

0.03 

4.701** 


row *1 the table upfiw nt i • ivwwt ra gr —to n. For each, the rtlWi FE V., pw cent pred>cted Is the 
toinmni werieble. and the vvltUlM lined unto "Wiy—Ion Coefffetonts" ere the Mmtom *er*abie». 


tPUw dere arere lot |o tranHormed. 
**Newer or ewer smokad. 

Itf > 005. 

•••P < 0.05. 

tttp < 0 . 01 . 
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HEX-SPECIFIC STEPWISE REGRESSIONS OF CHILDREN'S 1-SEC FORCED 
EXPIRATORY VOLUME IFEVi). EXPRESSED AS PER CENT PREDICTED, 
ON MEASURES OF MATERNAL AND CHILD CIGARETTE-SMOKING HABITS 


LJfatima Corv- Smoking FEVi % Smoking 
sumption History Pradlciad History 

Mata-cfcHd (77 pair*) -A.7®* 16.*Ot -OOlT -5 10* 

Fama»a-ct»lld <S3 pairs! -OTW* _tr o.13t -*.l4t 

*r < 0.0S. 
tp >0.05. 

•*p <0.01. 

It Contribution to rsprosslon so low that variable wm automatically « 


Child 


Standard 

Error 

Coaftl- 

ciwit at 

V Value 

Smoking 

Oon* 

oi Ea- 

Qatar- 

♦or R»- 

Hletory 

•tarn 

timata 

ml nation 

grew ion 

-S.10t 

107.77 

11.76 

0.22 

4.S7 * * 


102.40 

1S.47 

0.11 

2.471 


£ 13), proportion of male children (036 tmus 
035), and proportion ol children who had ever 
amoked dpreun (0.24 menus 0.26). 

Oiaeussion 

The present data have been colleaed as part of 
an urban population-based study of chronic 
bronchitis and obstructive airway disease. The 
families included in the analysis were, on the 
average, larger and showed some differences in 
age distribution from those not included- They 
were, however, identical with regard to smoking 
habits. The biases introduced by differing house¬ 
hold sue and age are difficult to assess. It is un¬ 
likely that the small difference in average house¬ 
hold sue vitiates the results, because the full 
mnge of household sires it represented in the 
sample. The relatively smaller number of sub¬ 
jects in the 45- to 54-year-old group could serve 
only to weaken the associations observed, be¬ 
cause they are a group with high prevalence of 
chronic bronchitis (12). 

The present study demonstrates a tendency for 
chronic bronchitis to duster within households. 
Because we have confined the analysis to parents 
and their children, familial aggregation can be 
Inferred. Fifty-seven per cent of the children 
reported on their own behalf. In the 45 per cent 
who were less than 12 yean of age, for whom 
parents answered the questionnaire, only 2 cases 
of chronic bronchitis were observed, making it 
unlikely that the results were biased by parent 
omeT-re porting. 

Moreover, the level of FEV, was found to have 
a greater similarity among members of a given 
household than among persons from different 
households (table 2), This similarity was ob¬ 
served among siblings (tables 2 and 5), be¬ 
tween female children and their parents (table 
4). but not b e tween male children and their 


parents. The observed difference in correlation 
between male and female children and their par¬ 
ents cannot be attributed to differences in age 
or to differences in smoking history (15) (table 
6) between male and female children. The in- 
tradass correlations found for siblings, although 
of a relatively small magnitude, were similar to 
those found in the Tecumseh study (4) for 
mixed male-female sibships less than 40 years of 
age (t\ 0.17 to 0.25 for their FEV, score). The 
correlation coefficients for parent-child FEV, per 
cent predicted in table 4 are also similar to those 
for FEV, score found in the Tecumseh popula¬ 
tion. In that population, female children 10 to 
59 yean of age also showed a stronger correla¬ 
tion with maternal FEV, score than did male 
children, but this was not observed for fathers* 
or midparenu’ scores. 

Maternal smoking .history, measured as total 
oumberofcigarettes consumed, may have a rig** 
jriScant advene effect on FEVJ per cent predict-* 
td in their male children (table 6)/This efi2cP 
win significant, even after the smoking history 
M'the male children was accounted for in wi 
Analysts. The association of maternal F£V S per 
cent predicted and child’s FEV t per cent peer, 
dieted was do longer significant whep ) dfclierma-* 
jernal nr-child smoking history was included t^ 
- 4 he analysts' (tableThis wasUred^^ tM Ti A 
tin!significant inventcorreiariot^ k?t] 

• l^ia^cqpr^te^ «qiMtjmpfeoic8iS£t amid'child 
riV, per cent predicted. The maternal FEV, per 
cent predicted was significantly associated with 
that of the children only, in the regression that 
omitted both smoking histories (r = 0.15; P < 
0.05). These effects of smoking were not found 
for fathers, although the mother<hi!d and fa¬ 
ther-child regression coefficients for FEV, per 
cent predicted were not significantly different 
(r = 0.15 and 0.25, respectively; P>0*2). The 
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rbc observed difference in correlation 
nak and female children and their par- 
ot be attributed to differences in age 
srences in smoking history (13) (tabfe 
a male and female children. Tlie in* 
delations found for siblings, although 
wely small magnitude, were similar to 
«sd in live Tecumseh studv (4) for 
fe-female ubships less titan 40 yean of 
17 to 053 for their FEV r j score). The 
* coeffioenti for parent-child FEV, per 
cted in table 4 are also similar to those 
fKore found in the Tecumseh popula 
tat population, female children 10 to 
•f age also showed a stronger correla- 
'maternal FEV, score than did male 
-nu this was not observed for fathers* 
ou* scores. 

1 smoking history, measured as total 
cigarettes consumed, may have a sig- 
rerse effect on FEV, per cent predict* 
male children (table 6)j This effect 
ant, even after the smoking history 
t children was accounted for in the 
ae association of maternal FEV, per 
sed and child's FEV, per cent pre- 
v> longer signibeam when either ma- 
uld smoking history was included in 
(table 5). This was largely, due to 
int inverse correlation for maternal 
•mte consumption and male child 
nt predicicd. The maternal FEV, per 
*d was significantly associated with 
children only in the regression that 
h smoking histories (r=CU5; P< 
effects of smoking were not found 
although the mother-child and fa* 
rgrosion coefficients for FEV, per 
ed were not significantly different 
4 055. respectively; P > 05). The 


I 
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reason for this sex difference in the effect of 
parental smoking history on child's FEV, per 
cent predicted is not apparent Because not all 
of the households included in this analysis con¬ 
tained both parents, somewhat different subsets 
of children were used for the mother-child and 
the father-child comparisons; however, no dif¬ 
ferences between the 2 sets of subjects could be 
found in age, the proportion of smokers, or 
the proportion of male subjects. Data previously 
reported (IS) showed that in this population, 
men and women who smoked or had smoked 
cigarettes showed no differences in the amount 
and duration of smoking, making it unlikely that 
mother-father differences in cigarette use ac¬ 
counted for the difference observed. The similar¬ 
ity of the regression coefficients for **child*s 
smoking history'* in table 6 suggests that smok¬ 
ing history was not a confounding element in 
this analysis. 

The factors that underlie observed aggrega¬ 
tion of FEV, remain, for the roost part, unde¬ 
fined. The similarities between the correlation 
coefficients obtained for height and those ob¬ 
tained for FEV, per cent predicted suggest that 
the aggregation of FEV, may be largely a result 
of familial similarities in physical stature; how¬ 
ever, use of FEV, per cent predicted and FEV, 
score in effect standardised the FEV, for height 
and age, making body physique an unlikely sole 
contributor to the observed aggregation. Despite 
recent work showing an increased susceptibility 
of persons with possibly the MZ and certainly 
the ZZ »,-antitrypsin phenotype to obstructive 
airway disease (14-17), both phenotypes are of 
sufficiently low prevalence that their contribu¬ 
tion to this aggregation is undoubtedly mini¬ 
mal (18 )j The possibility of other genetically 
determined liabilities to chronic bronchitis re¬ 
mains largely unexplored, except for twin stud¬ 
ies (5) and isolated reports (4, 19), 

aggregation of FEV, and chronic br orw 
ctdth obarrred m thisstudy may reflect..m 
'put, smoking patterns in the study bousehoM? 
The data presented in tables 5 and 6 concerning 
the effect of maternal and child smoking habits 
in modifying the correlation of maternal and 
child FEV,, per cent predicted support a major 
role for dgarette smoking; however, the pater¬ 
nal FEV, predicted remains a significant predic¬ 
tor of female child's FEV, per cent predicted. 
Independent of smoking effects. 

The present study has demonstrated familial 
aggregation of both chronic bronchitis and lev¬ 
el of pulmonary function in an urban popula¬ 


tion; however, this and other studies (1-5. 19) 
leave unanswered many questions regarding the 
factors underlying familial aggregation of chron¬ 
ic bronchitis and FEV, and their role in deter¬ 
mining susceptibility to obstructive airway dis¬ 
ease. Prospective studies are currently in pro¬ 
gress to define better this familial aggregation 
and its implications for obstructive airway dis¬ 
ease. 
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reported this symptom. Wheeze in children was also significantly 
associated with a parental history of asthma, and lung function 
was lower in children with a family history of asthma. Even' after 
accounting for height, weight, age, sex and race, children's lung 
function correlated significantly with parents' lung function. 
However, the contribution of familial factors (i.e., parents' lung 
function', smoking, and history of asthma) to children's lung 
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tion, respiratory disease, and smoking In families. Am J Epidemiol 106: 274- 
283,1977. 

Respiratory symptoms, disease and lung function were studied in 376 
families with 816 children who participated in a survey in three USA towns. 
Parental smoking had no eflect on children's symptoms and lung function. 

Also, there was no evidence that passive smoking affected either lung lunc- 
tion or symptoms of adults. There was no association between prevalence bf? 
eeH-reported cough and/or phlegm ftn parents and their children. There was a 
highly significant association batween the prevalence of wheeze in parents 
and their younger children, for whom parents reported this symptom. Wheeze 
In children was also significantly associated with a parental history of 
asthma, and lung function was lower in children with a family history of 
asthma. Even after accounting for height, weight, age, sex and race, chil¬ 
dren's lung function correlated significantly with parents' lung function. How¬ 
ever, the contribution of familial factors (i.e., parents' lung function, smoking, 
and history of asthma) to children's lung function is small compared to the 
effects of height, weight and age. 

asthma; family characteristics; lung volume measurements; smoking 


We investigated the contribution of fam¬ 
ilial factors, including smoking by par¬ 
ents. to lung function and respiratory 
symptoms in children. The study is a part 
of a population study in three towns in the 
United States in which members of fami¬ 
lies were questioned about respiratory 

Received foT publication March 21, 1977. and in 
final form June 17, 1977. 

Abbreviations: FEV,.*. forced expiratory' volume 
in Tint second of forced expiration; FVC. forced expi¬ 
ratory vital capacity; MEF50*S and MEF25%. in¬ 
stantaneous maximum expiratory flow rates at 50% 
and 25% of FVC, respectively, measured from re¬ 
cordings of maximum expiratory flow volume 
(MEFV) curves; PEF, peek expiratory flow rate. 
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symptoms and disease. Subjects were also 
given lung function tests measuring forced 
vital capacity (FVC), one second forced ex¬ 
piratory volume (FEV, *), peak expiratory 
flow rate (PEF) and maximum expiratory 
How at 50 per cent of FVC (MEFSOft ) and 
at 25 per cent of FVC (MEF25 f *)i 
Children of smoking parents may suffer 
unduly from respiratory* disease. For ex¬ 
ample, infants of mothers who smoke have 
significantly more attacks of bronchitis 
and pneumonia than infants of nonsmok¬ 
ing mothers (1). Also, children of smoking 
parents who may or may not have symp¬ 
toms themselves have more bronchitis and 
pneumonia during their first year of life 
than children of nonsmoking parents (2), 
but this was not true during four subse¬ 
quent years of follow-up. Nevertheless, 
older children may have an increased inci¬ 
dence of acute respiratory disease in 
homes where cigarettes are smoked (3, 4). 
These studies have led to the conclusion 
274-?3 
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that passive smoking (inhaling other peo¬ 
ple’s smoke) is iryurious to health, particu¬ 
larly that of children (5). 

The prevalence of cough in children 
however, is not only associated with pa¬ 
rental smoking, but also with respiratory 
gymptoms among parents (6, 7). After ad¬ 
justment for the positive correlation be¬ 
tween symptoms in parents and children^ 
parental smoking had no significant effect 
on children’s symptoms. Thus, smoking 
parents may affect their offspring’s respi¬ 
ratory system indirectly, rather than via a 
direct effect of smoke. For example, smok¬ 
ing adults often cough and produce phlegm 
and thereby transmit infection (6). 

All these results are based on children’s 
symptoms as described by their parents. 
This may introduce bias. Parents who 
smoke have more symptoms and may be 
more conscious of them in their children. 
Parents who over- or under-report their 
own symptoms may do the same for their 
children^ In this study, we have asked the 
children themselves some of the questions 
on respiratory symptoms. Also, children;of 
smoking parents are more likely to smoke 
than children of nonsmokers (8). Unlike 
the previous studies, we have considered 
smoking habits of children in our analy- 
ses. 

Familial resemblance in lung function, 
apart from the known factors of height, 
sex and ethnic group, appears to be slight, 
according to studies in twin pairs (9). Peak 
flow in five-year-old children correlates 
with peak flow in their parents (30), but 
this may be due to correlation between 
their heights. Peak flow in children was 
significantly related to their own histories 
of bronchitis and pneumonia, but there 
was no association between their peak 
flow and their parents’ smoking habits, 
respiratory morbidity and social class. In 
the Tecumseh study (8), age- and height- 
adjusted FEV,., scores correlated signifi¬ 
cantly not only between parents and their 
children* but also between siblings and 
even between spouses. However, these re¬ 


sults were not controlled for smoking 
habits, nor were the possible effects of pas¬ 
sive smoking on lung function considered. 
In the present study we have attempted to 
separate the effects of smoking from other 
familial factors on both lung function and 
respiratory symptoms. 

Materiaxs and methods 

This investigation was part of a large 
survey on lung disease in the three towns 
of Lebanon and Ansonia in Connecticut, 
and Winnsboro in South Carolina. Fami¬ 
lies in which both parents and at least one 
child between the ages of seven and 18 had 
been examined were identified by name, 
address and telephone number. Family 
groups were checked from replies by par¬ 
ents about the numbers and names of their 
children and replies by children about 
their brothers and sisters, to eliminate 
those in which there was any doubt about 
the accuracy of the family grouping. There 
were 418 families with data for both par¬ 
ents and 915 children. We only report on 
the 376 white families since there were too 
few blacks for detailed analysis. Table 1 
shows the distribution of the white fami* 
lies by town and by age and sex of the 
children. 

The methods used for interviewing sub¬ 
jects and for measuring lung function have 
been described elsewhere (11). Prediction 
equations for lung function in white males 
and females were derived from the data of 
all healthy, lifetime nonsmoking adults 
and children in the total survey population 
(12): From these equations, the proportion 
(/? : ) of the total variance in lung function 

Tails 1 

Distribution of families by town and by age and scj of 

children 



Lebanon 

Aiuonn 

W inna- 
boro 

Total 

Families 

247 

64 

75 

376 

Beys 7-37 

244 

60 

69 

353 

Boy*18+ 

35 

1 

14 

57 

Girls 7-14 

1B8 

41 

48 

277 

Girls 15+ 

S3 

18 

28 

129 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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which is explained by height, weight, and 
age is determined. 

The prediction equations were derived 
separately for boys aged 7-17 and men 
aged 18+, and for girls aged 7-14 and 
women aged 15+ (12). Since there were 
few older children, only the girls aged 7-14 
and boys aged 7-17 (the age ranges in the 
prediction equations for children) were in¬ 
cluded in the present analysis oflung func¬ 
tion. Residual lung function was obtained 
for each subject by subtracting the pre¬ 
dicted value from the observed value. A 
residual of less than zero means that lung 
function is lower than expected from the 
data in healthy lifetime nonsmokers. 
Since the prediction equations for girls and 
boys use the natural logarithm (In) of the 
function values, the residuals of children 
are obtained in transformed units (e.g , 
residual In FVC); values for men and 
women are expressed in liters or liters/sec. 

Symptoms and chest illnesses were de¬ 
fined as follows: 

Cough and/br phlegm-usual cough at 
any time of the day or night, and/or 
usual phlegm production at any time 
of the day or night. 

Wheeze-any history of wheezing or 
chest tightness. 

Asthma -"yes” to the question, "Have 
you ever had bronchial asthma?*' 

Bronchitis-"yes" to the question, 
"Have you ever had bronchitis?” 

Pneumonia-"yes" to the question, 
"Have you ever had pneumonia 0 ” 

Family history of asthma-"yes" to the 
question, "Have your parents, broth¬ 
ers, sisters, or children ever had 
asthma?" 

All subjects including children an¬ 
swered the questions on smoking, cough 
and phlegm for themselves. Parents an¬ 
swered the questions on wheeze and on 
family history of asthma for children aged 
15 and under. Data on chest illnesses in 
children were not analyzed because some 
of the answers were thought to be unrelia¬ 
ble. 


To relate the socioeconomic class of par¬ 
ents to the symptoms and lung function of 
their children, we classified fathers into 
eight groups based on the US Department 
of Labor's occupational classification of 
1965 (13), and mothers as either house¬ 
wives or those working outside their 
homes. 

Results 

Symptoms. We determined the preva¬ 
lence of symptoms in groups according to 
symptom prevalence in parents: 1):neither 
parent had the symptom, 2) mother only 
had the symptom, 3) father only had the 
symptomi or 4) both parents had the symp¬ 
tom. Prevalences of cough and/or phlegm 
were highest in children in group 4. but 
there was no association between parents' 
and children’s symptoms when all four 
groups were compared (table 2). The re^ 
suits were the same for children who had 
never smoked. For wheeze, the prevalence 
in parents correlated significantly with' 
that in their children aged 15 years and 
under, but not with prevalence in older 
children, possibly because of smaller numr 
bers (table 3). However, parents answered 
the wheeze questions for the younger chil¬ 
dren: only the older ones answered for 
themselves. Again, the results were simi¬ 
lar in the subsample of children who had 
never smoked. 

The association between parents' smok- 
Tavlx 2 

Preivlence of cough and tor phlegm in children 6\ 
cough and for phlegm in their perents 


Parents' 

eoufh 

phlegm 

All boys 

All ftrlt 

Total 

Cou*H 

phle-pn 

Total 

Coyrh' 

phff fm i 

No («■ 

No * 

Neither 

221 

32 (14) 

21* 

24 111) 

Mother 

SO 

7 (14) 

35 

5 (14) 

Father 

113 

19 117) 

105 

10 (9-i 

Both 

26 

7 (27) 

41 

9 (19) 

X* 

2.91 


3 06 

P 

Oil 


036 


ing an 

ined by 

ents wt 

group > 

present 

signific 

groups 

and/or 

girls. V 

divided 

nonsmr 

nifican: 

teractic 

smokir. 

toms. 


Prevoi 


Farm: 

»ne«j. 


Neither 

Mother 

Father 

Both 

X* 

p 

Neither 

Mother 

Father 

Both 

x* 

P 


Parent' 


No illnei 
Bronehit 
Pneumor 
Asthma 




Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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ing and children’s symptoms was exam¬ 
ined by comparing a group in which par¬ 
ents were both present nonsmokers with a 
group in which at least one parent was a 
present cigarette smoker. There were no 
significant differences between these 
groups in the prevalence of either cough 
and/or phlegm or wheeie in either boys or 
girls. When the nonsmokers were further 
divided into either ex-smokers or lifetime 
nonsmokers, the results remained insig¬ 
nificant. Also, there was no significant in¬ 
teraction between parent’s symptoms and 
smoking in relation to children’s symp¬ 
toms. 


Tails 3 

Prevalence of wheeze in children by aft and by 
whttzt in their parents 


Parrnu’ 

Wheeu 

Wheel* 

TouJ 

*bKM 

No (ft) 

No f ft) 


Boys 7-J5 

Boys 16 + 

Neither 

1M 22 (14) 

66 10 (15) 

Mother 

44 10 (23 ) 

23 4 (17) 

Father 

72 9 (13) 

15 4(27) 

Both 

29 13 (45) 

7 3 (43) 

X* 

17.67 

3.55 

p 

<.001 

0.26 


Girls 7-J5 

Girls )6 + 

Neither 

172 IS (9) 

59 9 (15) 

Mother 

49 10 (20) 

16 4 (25) 

Father 

54 7 (13) 

16 1 (6) 

Both 

33 10 (30) 

7 0 (0) 

X* 

12 18 

3.56 

P 

<.0I 

0.31 


Although no association was found in 
the prevalence of cough and/or phlegm be¬ 
tween mothers and fathers, there was a 
significant relationship in the prevalence 
of wheeze (x 5 ■ 6.44; p < 0.025). S^ptom* 
m parents were related to thairwnoKmg 
lubits. Cough, phlegm and wheeze were 
significantly more prevalent among male 
and female current smokers. However, 
prevalence of these symptoms in nonsmok- 
ers was unrelated to whether or not their 
spouses smoked. 

We also attempted to relate symptom 
prevalences in children to their parents' 
reports of respiratory illness. Families 
were classified into non-mutually exclu¬ 
sive groups in which at least one parent 
ever had l) bronchitis, 2) pneumonia, or 3) 
asthma. Each of these groups was com¬ 
pared to a group in which neither parent 
ever had any of these illnesses. There were 
no significant differences in the proportion: 
of children with cough and/or phlegm in 
each parent-illness group, compared to the 
no-illness group. A significantly higher 
proportion of girls reported wheeze in the 
parents’ asthma group; this was also true 
for boys in all three parent illhess groups 
(table 4). 

.Symptom prevalences in children were 
similar among socioeconomic classes as de¬ 
fined by father's occupation. We also com¬ 
pared four groups defined by the mothers 
w’ork and current smoking status (non¬ 
smoking or smoking; housewife or work¬ 
ing). Here, the only significant findings 


Tail* 4 

Prevalence of wheeze in children in relation to chest illnesses in their parentis) 



Couph; 

Parent <») 


All boyi 



All fir It 


pWepm 

Toud 

Wh««i* 


Total 

Wheel* 

X* 


No (ft \ 



No (ft) 

T 


NO (ft) 

T" 

U (11) 

No illness 

161 

17 111) 


170 

19 (11) 


3 

S (14) 

Bronchitis 

137 

36 (26) 

11.454 

125 

22 (18) 

1.98 

5 

10 (9) 

Pneumonia 

173 

35 (20) 

5.22- 

1S2 

90(16) 

1.65 

s 

S (19) 

Asthma 

41 

14 (34) 

12.24t 

48 

17 (35) 

14.241 


•p < .025 
tp < .001 
(roup. 


for comparisons between symptom prevalence in parent-ilInns 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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Lung function. To examine both active 
and passive smoking in relation to lung 
function in parents, we divided the fami¬ 
lies into four groups according to parents' 
current cigarette smoking: 1) both smok¬ 
ers, 2) father smoker, mother nonsmoker, 
3) mother smoker, father nonsmoker, 4k 
both nonsmokers. Forty-six families in 
which one parent smoked only pipes or 
cigars were excluded because the numbers 
were too small. The results of an analysis 
of variance for residual FEVj 0 in the four 
groups are shown in table 5. 3^ e^ high)Sj 

<|ft&incbcate the ey iygyftadVCTBe effect of 
active. tmokin^BSnurphe. exception: the 
men in wives 

These men 

were further subdivided by their past 
smoking history. The men who never 
smoked themselves (but whose waives 
smokedi did not deviate significantly from 
normal: the male ex-smokers in the group 
had particularly low lung function. In the 
families in which only the father smoked, 
the mothers lung function was similar to 
that in which neither parent smoked. 
Thus, passive smoking was not an impor¬ 
tant factor affecting adult lung function. 

To determine the effect of passive smok¬ 
ing, on lung function in children, we used 
analysis of variance to compare lung func¬ 


tion residuals of boys aged 7-17 or girls 
aged 7-14, divided according to the four 
parent smoking categories . ^-G irls' 
HEF50* "IMEFm^exe^cfct^n 

frnoked. but differences were not signify 

£he 

imoked themselves/ this difference 

€.05). 

Residua] lung function in children'was 
also studied in relation to their parents’ 
history of chest illness. Boys aged 7-17 and 
girls aged 7^14 were classified into parent¬ 
illness groups, as for the symptom analy¬ 
sis. For the asthma group, the five mean 
residuals were lower in both boys and girls 
than in the parent no-illness group. These 
differences were significant for FE\\ * U * 
2.08; p < 0.05) and PEF (t * 3.51; p < 
0.001) in girls. The trend^toward lower 
function 

mithj^^chitis or pneumonia was not sig- 
nificamT 

From parents* answers to the questions 
on family history of asthma, we obtained 
information on the children’s first and sec¬ 
ond degree relatives. All mean residuals 
were lower in the children who had at 
least one relative with asthma, compared 
to children who had none; results were 
significant for FEV 10 , MEFSOCi, and 
MEF25^r in boys (table 6). 

*»2:- 


ir family' 


Table 5 

Mi’on rttiduol FEV of parents by current smoking category tn - no of penm 





Rri)du»l FEY,. liters 



Both smokers 
in - 76 1 

Father smoker, 
mother nonsmoker 
in- 74i 

Mother smoker, 
faintr nonsmokrT 
in • 40) 

Both 

nonsmoken 
in • 136' 

r 

Fathers. 

a 

-0.42 

-0.35 

-0.24 

-0 06 

11 


(SEMrt 

COjOS) 

(0 06) 

(OOTl 

10.04 > 


Mothers, 

i 

-0.24 

0.00 

-0 13 

-0.09 

5.66- 


CSEM) 

(0 04) 

(0.04i 

(0 07) 

♦0.03 * 



Residual 

fUiidual 

Residual 

* All c: 

hiersvec 
tp < t 
3 p < t 


• The results for residual FVC and flow rates show similar trends 
tp < .01 

t Standard error of mein. 


Residua' 

Residual 

Re«»dua1 

Rr«idua! 

Re«idu3l 


mean I 
daught< 
pauon 2 
ences i 
four gri 
work a 
workin; 

A cor 
be twee: 
height, 
correlat 
parents 
suggest 
family j 
bits 7 
showed 
children 
groups 
mother r 
nonsmoi 
same af 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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Boys 7-17 


Girls 7-14 



Family 

No family 


Family Ne family 



aatbma 

asthma 

l 

asthma 

aathma t 



ta - 166) 

(a • 195) 


in - 119) In - 166) 

Residual FEV, • 

ft 

-0.035 

-0.002 

2.57t 

-0.020 

0 004 IBS 

(SEM): 

(0.009) 

(0.009) 


(0.010) 

(0.009) 

Residual MEF50* 

ft 

— 0.044 

0.001 

264* 

-0.020 

-0.010' 0.56 

(SEM) 

(0.012) 

(0.011) 


(0.013) 

(0 Oil) 

Residual MEF25* 

ft 

-0.055 

0.000 

l.B5» 

-0.028 

-0.017 0.54 

(SEM) 

(0.0131 

(0.014) 


(0.015) 

(0.013) 

* All children's June function residuals are expressed on the natural lbgarithm acale, and not as liters or 

liters/sec 







t p < 0.05. 
tp < 0.01. 



Table 7 




Correlations between residual lung function in tpoutes and in parent-child pairs <n 

* no of pairs) 



Spouses 
<h - 376) 

Father-son 
a C r 7-17J 

Father-dauphtrr Moihrr.son Mothe r-dauEfuer 

a|r 7-14 aee7-J7 apr 7-14 



in - 353i 

in - r7> 

\n - 353 

in - 277 > 

Residual FVC 


.07 

.197' 

.211 

.15* 

.12* 

Residua) FEV,, 


.07 

.171 

.231 

.IP 

.16“ 

Residual P£F 


.10 

.19* 

.2Di 

-.01 

.06 

Residual MEF505- 


.07 

.2d 

.15* 

.37* 

.12* 

Residual MEF25* 


.07 

.13* 

.03 

.261 

.09 


• p < .05; 

1 p < .01 

* Age of child; 


meaning* function residuals of sons or 
daugmers of fathers from the various occu¬ 
pational groups. Also, there were nodiifer- 
eftces in children’s residuals among the 
four groups defined according to mothers’ 
work and smoking status (housewife or 
working; nonsmoking or smoking). 

A comparison of lung function residuals 
between groups eliminates the effects of 
height, weight and age (12). Thus, any 
correlation between residuals of spouses, 
parents and children, or of siblings would 
suggest an effect of other factors, such as 
family resemblance in lung function (ta¬ 
bles 7 and 8). Analysis of covariance 
showed that lung function residuals of 
children in the four parent smoking 
groups (both smokers; father smoker, 
mother nonsmoker, mother smoker, father 
nonsmoker, both nonsmokers) were the 
same after adjusting for mothers’ and fa¬ 



thers* residuals. Hence, the different 
smoking groups may be combined for the 
analysis of parent-child correlations. In 
these correlations, each parent-child pair 
was counted independently; i.e , if a father 
had three sons, he was included three 
times, once with each son, in the father- 
son correlation. For the sibling correla¬ 
tions, the oldest sib was paired with the sib 
closest to him in age. Then the second 
oldest was paired with the third oldest and 
so on. Thus each sib except the oldest and 
youngest was a member of two pairs, once 
as the older and once as the youngest of 
the pair. None of the correlation coeffi¬ 
cients between spouses were significant. 
In other pairs, at least three out of the five 
residuals yielded significant results, ex¬ 
cept between brothers. For children who 
had never smoked, the correlations were 
similar to those in all children shown in 




Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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Table t 

Correlations between residua! lung function in siblings (n » no of pairs) 



Brother* sj>e 7-17 
in - 103) 

Sisters »(r 7-14 
in • S5) 

Oppotivr-set sibs 
(rt - 214) 

AH sib* 
in rn M2' 

Residual FVC 

.15 

.S3t 

.321 

.271 

Residual FEV |4 

.12 

.26* 

.251 

.21* 

Residual PEF 

-.02 

.26* 

.16* 

.12* 

Residual MEF50* 

.19 

.09 

.17* 

.16* 

Residual MEF25* 

.04 

.22 

.13 

.12* 


•p < .05. 

1 p < .01. 


tables 7 and 8. Positive correlations be¬ 
tween parents* and children’s lung func¬ 
tion residuals persisted when families 
with histories of asthma in parents or rela¬ 
tives were excluded. 

The contribution of familial factors and 
passive smoking to children’s lung func¬ 
tion can be assessed from a multiple 
regression anlaysis (table 9). The child’s 
lung function measurement inot the resid- 
ual i was the dependent variable. The inde¬ 
pendent variables were the height, 
weight, and age terms from the original 
prediction equation (12), and the parents* 
lung function residuals, the four parents’ 
smoking categories, and a family history 
of asthma. Mothers’ or fathers’ residuals, 
or both, were significant variables for sev¬ 
eral measurements in boys as well as girls, 

" JO 

wight and -weight; 048 
iicted?MEF50% wia 

liTdid not. The family 
liistory of asthma variable was significant 
for boys* FEV v . 0 arid MEF25<*. Quantita¬ 
tively, this variable, too, caused only a 
small difference in predicted values (e.g., 
at age 10, height 148 cm. weight 40 kg, 
FEV,.* for boys with a family history of 
asthma was 2.19 liters, versus 2.25 liters 
for those without). When only children 
who had never smoked were included in 
the analysis, the results were similar, ex¬ 
cept that the family history of asthma var¬ 



iable was also significant for boys’ 
MEF50*. 

Table 9 also shows the percentage of the 
variance {R : ) in the children’s lung func¬ 
tion measurements which is explained by 
the height, weight and age terms, and by 
the addition of the significant family 
terms. The greatest proportion of the varir 
ance is explained by the height, weight, 
and age terms Relatively little is 

added by the parents* residuals, the smok¬ 
ing term, or the asthma term icompare R- t 
with 

Discussion 

We have found no significant relation 
between parents' smoking and respiratory 
symptoms or lung function in their chil¬ 
dren. Previous reports that “passive smok¬ 
ing" may cause respiratory disease in chik 
dren (1, 3, 4) were based on symptoms 
only. They did not exclude the possibility 
that the effect of passive smoking may be 
indirect, by transmission of infection from 
coughing parents to their children. In two 
studies (6, 7), the association between.pa¬ 
rental smoking and symptoms could be 
attributed to increased cough or phlegm 
among smoking parents. In only one study 
(2), infant respirator)* disease was associ¬ 
ated with parental smoking, even if the 
parents had no symptoms, but this associ¬ 
ation was absent in children aged 1-5. 

In relating parents* and children's symp¬ 
toms, bias may be introduced when par¬ 
ents answer the questions for their off¬ 
spring. In our study, all children therm 
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Ta»l* • 

Confrifrution of parents' residual lung function and smoking Aabits and family history of asthma to children g 
r ._ lung function 


fimeUOD 


Sapmftcjunt parent verm* 

FstKen* Only mother 
f*t>du*l wnokeU 


F«mity ssthms 


r boys’ 

*e of the 
ng func* 
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. and by 
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;he van- 
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little is 
it smok- 
.pare R\ 


relation 
*piratory 
.eir chil- 
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■? in chil- 
-mptoms 
♦ssibility 
; may be 
ion from 
n. In two 
ween pa* 
could be 
* phlegm 
■ne study 
is associ- 
2 n if the 
is associ- 
i 1-5. 

-f s symp- 
hen par- 
heir ofT- 
m them* 


FVC 

•0.2 

•0:7 

p <.01 

p <.01 

FEV,* 

89.8 

>0.3 


p <.01 

PEF 

806 

81.2 


p <.01 

MEF50* 

68 7 

70.8 

p <01 

p <01 

WEF25* 

54.4 

58.2 

p <.01 


Girls In ■ 277) 





FVC 

86.2 

87.1 

p <.05 

p <.01 

FEW* 

865 

87.7 

p <.01 

p <.01 

PEF 

66 4 

67J 


p <.01 

MEF505 

53:1 

54. B 


p <.01 

MEK25* 

57.4 

37.4 




• Ry & the percentage of iht virunte in children* lung function mhich is explained by regression on 
height, weight snd sgc terms. 

t R* is the percentage of the van in ce in children's lung function which is explained by regression on 
height, weight, and age terms and on significant parents' residual*, parents’ smolung category terms, and 
family history of asthma term 

t Variable reflecting families in which the mother smokes but the father does not Variables which were 
neveT significant reflected other family smoking categories ineilher parent smokes, only father smokes, 
both parents smoke). 


selves answered questions about cough 
and phlegm; there was do significant asso¬ 
ciation between the prevalence o&those 
symptoms in parents and childreifTtable 
2). Nor did the children of parents with 
cough and phlegm have significantly 
lower lung function. The association be* 
tween cough and phlegm in parents and 
children in other studies may result from 
bias due to parents answering the chib 
dren’s questions. 

For wheezing, parents answered the 
questions for children aged 15 and under, 
but not for older children. The prevalence 
of wheeze in parents correlated with that 
in younger children, but not with wheeze 
in older children. To test the reliability of 
parents’ reports on their children’s 
wheeze, residual lung function of the 
younger children was examined. For boys 
the results follow the same pattern as the 
symptom analysis, with significantly 
lower residuals in children whose mother 
or both of whose parents wheeze than in 
children whose parents do not wheeze (for 


FEV,. fil PEF and MEF5QS, p < G OD. 
However, no differences were observed in 
the girls Thus, the association between 
wheeze in parents and children may be 
real, at least in boys. 

The significant correlations between 
lung function residuals of parents and 
their children indicate familial resem* 
blantes in lung function which are not due 
to inherited similarities in height and 
weight nor to a family history* of asthma. 
In the Tecumseh study (B). Higgins and 
Keller found significant correlations be¬ 
tween family members in their height- 
and age-adjusted FEV, scores. The pres¬ 
ent study confirms these findings and ex¬ 
tends them to other lung function mea¬ 
surements as well. 

However, we did not find the small but 
significant correlations which Higgins and 
Keller showed between spouses ltable 7). 
This might be because the number of 
spouses in Tecumseh (1770 pairs) is larger 
than ours (378 pairs). Secondly, many of 
the husbands and wives in our study were 
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not examined al the same time; in Tecum- 
seh, spouses were usually seen together, 
and thus calibration and other factors 
(e.g. f acute respiratory illness in family) 
might yield slightly higher correlations. In 
addition, we found no significant correla¬ 
tions between brothers aged 7-17, al¬ 
though there were significant correlations 
between sisters 7-14 and in brother-sister 
pairs. Excluding boys aged 15-17, thus 
making the age grouping comparable to 
that for girls, does not change the results 
for brother pairs. Nor are the results dif¬ 
ferent when boys who have smoked ciga¬ 
rettes are excluded. The lack of a signifi¬ 
cant correlation in brothers is difficult to 
explain: 

After accounting for height, weight, 
age. sex and race, the additional contribu¬ 
tion to children’s lung function from the 
parents, although significant, is relatively 
small (table 9). It could easily be missed 
when smaller numbers are studied (9). 
The largest relative increase of R : occurs 
for MEF25 1 * in boys, where the height, 
weigh: and age terms explain 54.5 per cent 
of the variance; the other family factors 
add a further 3.S per cent. Even here, the 
effect on the absolute value of lung func¬ 
tion is small. Predicted MEF25Q for 11- 
year-old boys (height 361 cm, weight 45 
kg) is 1.62 liters 'sec if only height, w eight 
and age are considered. Adding the aver¬ 
age mothers residual decreases this value 
to 1.60 liters/sec, and further addition of 
the family history of asthma variable de* 
creases MEF25ft to 1.48 liters/sec. Thus 
familial factors, apart from those related 
to height, weight, age, sex and race, are 
relatively unimportant in determining 
lung function. 

Chronic obstructive lung disease and 
even more, asthma, may in part be deter¬ 
mined genetically (14-26). Children with a 
family history of asthma have lower resid¬ 
uals for all lung function measurements 
than children without such a history (table 
6) Girls show' the same trends as boys but 
the differences are not so marked. Wheez¬ 


ing in parents is associated with lower 
lung function residuals in boys but not in 
girls. Asthma may begin at an earlier age 
in boys than in girls (17, 18), and boys 
might be more exposed to antigenic agents 
in their work or hobbies. Both familial and 
environmental factors may contribute to 
reduction of lung function in children who 
have a family history of asthma or whose 
parents wheeze. 

There have been no convincing reports 
on the influence of passive smoking on 
either adults’ or children’s lung function. 
In our ftudy* as expected, adult smokers 


Jiad much lower lung funaipa^reSduals 
than the nonsmokers (table S)\ but there 
was no evidence that ex*posure to one’s 
spouse's cigarette smoke affected lung 
function. Nor do the results of this study 
suggest that parents' smoking has any¬ 
thing but a minor effect on children’s lung 
function. The only significant finding was 
that daughter^ Bow rates;were, low 

»nd 

the fatherwas a nonsmoker (table 9i. This 
could be due to chance, and the effect is in 
any case small 

Heaw exposure to other people s smoke 



uals tiWevelop.ccfagli^tfeezeT^ - 
^hatory distress (19). People are, however, 
rare))- if ever subjected to such extreme 
conditions in the home. Although an envi¬ 
ronmental study of 20 homes showed 
higher particulate levels in homes with- 
smokers, there was no evidence that this 
was related to the presence or absence of 
disease in children (20 1 . Wc conclude that 
exposure to low levels of smoke produced 
by cigarette smokers does not result in 
chronic respirator)' symptoms or loss of 
lung function among children nor among 
adults. 
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Yarnell, J.W.G., St Leger, A.S. "Respiratory Illness, Maternal 
Smoking Habit and Lung Function In Children" Br J Pis Chest 731 
230-236, 1979. 

SUMMARY: Two hundred and fourteen children aged 7-11 years had 
tests of lung function performed. Mothers were asked about their 
past and current smoking habits and whether their children had 
ever had pneumonia or severe bronchitis. The findings suggest a 
relationship between early childhood bronchitis or pneumonia and 
impairment of lung function in later childhood and also suggest 
that maternal smoking habit may contribute directly to impairment 
of lung function in children. 
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RESPIRATORY ILLNESS; MATERNAL 
SMOKING HABIT AND LUNG FUNCTION 
IN CHILDREN 


J. W. G. YahniiUi and A. S* St Lkukk 

AfRC Epidemiology Unit, Cardiff 


Summary 

Two hundred and fourteen children■ aged 7-11 years had tests of lung function per¬ 
formed: Mothers were asked about their past and current smoking haliits and! whether 
their children had ever had pneumonia or severe bronchi 
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Introduction 

Previous studies (Lunn ct at 1%7; Holland et a). 1969) have demonstrated a relationship 
between bronchitis and pneumonia in early childhood and impairment of lung function 
in later life. Other work (Colley et al. 1974) has shown that parental smoking can con¬ 
tribute to the development of respiratory illness in early childhood. M'lie present paper 
explores the influence of these features on subsequent' lung function in children. 


Methods 


In the course of a community study of respiratory function in relation to housing conditions 214 
children need 7-11 years were seen at,school. ICach child’s King-function was measured by the use 
of a Iwllows spirometer; heights and weights were recorded. Ivsich child’s mother was interviewed 
at her home. 

All lung function measurements were made during the summer months. The following lung 
function indices were calculated far each child! from the spirometer tracings: the forced mid- 
expiratory How (VMF); the forced expiratory volume in 0.755 of a second (FbVn.T.J; the forced 
vital capacity (FVC), Statistical methods have been dcscrilicd in detail previously (Yarnell & St 
lx*gcr 1977):but are summarized briefly Ik- low. 

The lung function measurements were converted to height •standardized indices bv use of the 
relationship: Derived index = I,FT/I leight A , where LKT is the spirometric result for each index 
of lung function and for each child; the exponent K is a constant for each lung function index and 
for each sex. Values of #C were calculated from pooled data from this study and are shown in 
Table 1- 

The. values of the derived indices have been re-standardized to a height of I .111 cm to facilitate 
comparison of results. 
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Lung Function in Children 

Table L Vallies of exponent K estimated from 
p<K)li’d data 


Lung function test 

A/ ales 

Females 

FMF 

2.05 

2.54 

FFVa.75 

2.20 

2.04 

FVC 

2.20 

1.89 


Rhsih.ts 

Fig. 1 shows the mean values of the lung function indices standardized to a height of 
130 cm, according to the presence or absence of a history of bronchitis or pneumonia in 
each child. Children with a history of bronchitis or pneumonia have, on average, lower 
values for the lung function indices FMF and FFV 0.75 compared to children without 
such a history. Average FVC values are reduced to a lesser extent. The average reduction 
in FMF for boys is 9%; and for girls is 12 %; the average reduction in FEVu.75 for boys 
is 5%; and lor girls is 7%. 


His tory of bronchi in or pnoymo nio 


Boy* ■ n * 21 
Girts * - tO 


Fig. /. Cung function and past history of chest infection (mean+ si>) standardized to height of 
130 cm (KMK ml/sec; FKV 0.73 ■ml; FVC nil) 

Table U shows the distribution of children with and without a history of bronchitis or 
pneumonia according to the smoking habit of their mothers in pregnanc^B^r^^yg^ 
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boys girls 





Fig. 2. Lung function and maternal smoking habit in pregnancy (mean ± si>) standardized to height 
of 130 cm (FMF ml/iec; FKV«*.? 5 ml; FVC ml) 


Table //. Numlicr* of children with history of bronchitis: or pneumonia by maternal 
smoking habit in pregnancy 




Hoys 


Girls 

AJatrrnal< southing' 
habit in pregnancy 

No history 

Bronchitis 
or pneumonia: 

No history 

Bronchitis 
or pneumonia 

None 

49 

8 

34 

4 

1-9 daily 

18 

4 

15 

4 

10 or more daily* 

31 

9 

36 

2 

Told 

98 

21 

85 

10 


• Very few mother* reported having smoked 20 or more cigarette* daily throughout 
pregnancy 
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Mothers current smoking habit 


o-«~IK::s ca-.—iss::s □«-»—t&r.S! 


r^J 20 0 r more doily 


f Boys n - 31 
1 Girls : n - 32 


Fig. J. Lun« functitm and mother's current smoking habit (mean ± sn) standardized to height of 
13l> cm (I'MF nil/scc; FFV„.;mji 1; FVC ml) 


tfi^inction of their children is examipcijjftno consistent trendy are. show 

olfspring of mothers who currently smSRfs 

daily fs apparent. 

'l’lible 111 shows the children's lung function in relation to the mother’s smoking habit 
during pregnancy ami the current household smoking habit (this includes an estimate of 
the number of cigarettes currently smoked within the home by other household members 
- usually the father— in addition to the mother’s own consumption): 'This analysis Jails 
lo show any further reduction in the lung function of childlron with increasing household 
cigarette consumption. 

Discussion 

'Die present findings support tile evidence lor a relationship between early childhood 
bronchitis or pneumonia and subsequent impairment of lung function in children! Five 
of the mothers whose 'children had had bronchitis or pneumonia also said that their child 
had had asthma at some stage during the child’s life. Since the majority of these children 
had lung function values which were close to the average values for each height group 
this subgroup of children did not contribute signilicantly to the trends shown in Fig. 1. 
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Table III. Lung function indices (mean, standardized to height of 13(1 cm) by maternal smoking habit during pregnancy and current house¬ 
hold smoking Hub it (number of subjects shown in parentheses) 



— 


Boys 



Girls 


Lung function 
test 

Household 
smoking habit 

Maternal smoking in pregnancy 

Maternal smoking in pregnancy 

None 

1-9 daily 

10 or more daily 

None 

1-9 daily 

10 or more daily 

FMf* (ml,'see) 

None 

1-9 daily 

10-19 daily 

20 or more daily 

19SS (1ST 
1996 (15) 
1951 (17) 
2160 (7) 

2095 (3) 
2102 ( 8 ) 
1983 (11) 

1934 (2) 

1778 (12) 

1873 (26) 

2033 (9) 
1770 (12) 
2264 (12) 
1969 (5) 

2409 (I) 
2348 (2) 
1819 (9) 
1894 (7) 

1346 (I) 

1702 ( 12 ) 

1739 (25) 

FbVo. 7.1 (ml) 

None 

1-9 dailv 

10-19 daily 

20 or more daily. 

1557 (IS) 
1682 (15) 
1593 (17) 
1727 (7) 

1843 (3) 
1637 (S) 
1678 (II) 

1754 (2) 

1521 (12) 

1557 (26) 

1587 (9) 
1472 (12) 
1606 ( 12 ) 
1622 (5) 

1776 (1) 
1608 ( 2 ) 
1521 (9) 
1575 (7) 

1445 (1) 

1435 (12) 

1466 (25) 

FVC (ml) 

None 

1-9 dailv 

10-19 daily 

20 nr more daily 

1879 (18) 
2036 (15) 
192S (17) 
2027 (7) 

2344 (3) 
1923 (S) 
2058 (11) 

2197 (2) 

1901 (12) 

1875 (26) 

1781 (9) 

* 1751 (12) 
1817 (12) 
1916 (5) 

2038 (1) 
1712 (2) 
1791 (9) 
1818 (7) 

1946 (1) 

1734 (12) 

1791 (25) 
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&ifcd hy au increased tendency to develop bronchitis or pneumonia in early shildlKxxfi* 

A slightly greater proportion of lx>ys 'whose mot hers had smoked during pregnancy had 
a history of bronchitis or pneumonia compared lo Ixiys of mothers who had not smoked 
(Fig. 2), but this tendency is not apparent in girls. 

A previous study by Colley et ah (1974) suggested that passive smoking by infants 
from parental cigarette consumption contributed towards the development of bronchitis 
or pneumonia in the first year of life. In the present study data on parental smoking habit 
during each chi Id’s first year of life are not available; current paternal smoking habit ^ 
(recorded in total household smoking haHit)j.however, which is unlikely to have altered 
substantially throughout the life of the child, does not contribute towards impairment 
of Uing function in a child. 

•Respiratory morbidity in children varies with the social class of their families (Colley 
3 l Reid 1970). Fathers of children in the present study population were predominantly 
employed in manual and unskilled occupations; the social! class of mothers who had 
smoked and those who had not smoked during pregnancy was therefore similar. 

In a previous report on these data we showed that children’s lung function differed in 
three areas of different housing (Yarncll & St l,eger 1977). lite relati veJpm pimicn t i t\ 
fimetjup of children of tpoth.ers Avhu stwoked JO ^r^uw^igareltes daily "ilunj 


ansociat mtiV^hotvcf 


ncy Wpf^CTirth all ntosbf^ I n all areas but oneln boys. 

In view of the known limitations of certain historical data (Jlamman et al. 1975 ; Lunn 
ct al. 1970), the present! findings must be -interpreted with m nne caul ion. 

thetfp* 

spring’s subsequent lung function which persists at least into late childlnKm; As noted 
by Bland et al. (1974) mild impairment oflung function may. not be of immediate clinical 
significance to individual children but may nevertheless, indicate a predisposition to 
chronic bronchitis in adult Iilc.t# 
^julditional factors in adult life; the most ini]>oriant of these is cigarette snaking: 

Many studies have reported the long-term ell eels on the child of maternal smoking 
during pregnancy-(reviewed by Rush & Kass 1972; Butler et al. 1972) but there are few 
reports of acute effects during pregnancy. Three such reports (Manning et al. 1975; 
Gcnnscr et al. 1975; Manning & Fvycralknd 197b) nole that fetal breathing movements 
are inhibited by maternal cigarette smoking, flfl fh;^jij^T Jr< ‘ 

unctiodjln 



operates in uter o. 


tiring pregnancy of a Jiwchahlsit^ which 


ArKN()Wi.i:tx;i:Mi:NT 

The authors are very grateful to-Mrs K. Mahoney for typing the manuscript. 
Tabulated details of the results of this study tuny be ttbtained directly from the authors. 
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Tager, I.B., Weiss, S.T., Rosner, B., Speizer, F.E. "Effect of 
Parental Cigarette Smoking on the Pulmonary Function of Children" 
American Journal of Epidemiology 110(1): 15-26, 1979. 

SUMMARY: The authors have investigated the effects of parental 
smoking patterns on the pulmonary function of children in East 
Boston, Massachusetts. A crude inverse dose-response relationship 
was observed between the level of FEF25-75% predicted of children 
who never smoked and the number of smoking parents in the household. 
Compared to children with two non-smoking parents, the level of 
FEF25-75% predicted was 0.156 and 0.355 standard deviation units 
lower for children with one and two currently smoking parents, 
respectively. An additional decline in level of FEF25-75% predicted 
was observed for children who themselves had smoked. Smoking 
children with two smoking parents had an average of FEF25-75% 
predicted level which was 0.355 standard deviation units lower 
than non-smoking children with two smoking parents. These data 
not only confirm that cigarette smoking by young children and 
teenagers has direct measurable effects on their pulmonary function, 
but also show that cigarette smoking by parents has a measurable 
effect on the pulmonary function of their children which is 
independent of any direct use of cigarettes by the children. 
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The authors have Investigated the effects of parental smoking patterns on 
the pulmonary function of children In East Boston, Massachusetts. A crude, 
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children who themselves had smoked. Smoking children with two smoking 
-parents had an average FEF^.^% predicted level which was 0.355 standard 
deviation units lower than non-smoking children with two smoking parents. 
These data.not only confirm that cigarette smoking by young children and 
teenagers has direct measurable effects on their pulmonary function, but sis© 
show that cigarette smoking by parents has a measurable effect on the pul¬ 
monary function of their children which Is Independent ol any direct use of 
cigarettes by the children. 

respiratory tract Infections; smoking 


Despite the continued warnings con¬ 
cerning the health hnzards of cigarette 
smoking, large numbers of adults con- 


Received for publication October 19, 1978. and In 
finn) form January 12. 1979. 

Abbreviation a: FEF f k.». forced expiratory flow 
25-75 per cent of forced vital capacity; 
mean FEF»,»-per cent predicted; FEF-Z, FEF n -n*Z 
aconr; FKV», forced expiratory volume in one aecond; 
FVC. forced vital capacity; NHLB1, National Heart, 
Lung and Blood Institute. 

From the Charming Laboratory, and Department 
of Medicine. Harvard Medical School, and the Peter 
Bent Brigham Hospital Division of the Affiliated 
Hospital Center. Inc., Boston. MA. 

Reprint request h to Dr. Irn Tager, Charming Lab¬ 
oratory, 180 Long wood Avenue, Boston, MA 02115. 

Supported by Contract No. 1-HR3-2906 and Grant 
HL 21063 and Training Grant in Clinical Epidemi¬ 
ology IIL 05998 from the Division of Lung Diseases. 
National Heart, Lung and Blood Institute. 

Presented in part at the Plenary Session of the 
Americun Federation of Clinical Research, Son 
Francisco, CA, April 29. 1978. 

The authors gratefully acknowledge the assis¬ 
tance of Dinne Strancy for computer programming. 


tinue to smoke cigarettes (1), and increas¬ 
ing numbers of teenagers have also taken 
up the practice (2). The continued use of 
cigarettes has raised concerns regarding 
the effect on non-smokers of breathing 
cigarette smoke. A number of studies (3) 
have documented that, depending on such 
factors as ventilation, the number of 
cigarettes smoked, and the volume of the 
enclosed space, cigarette smoking can im¬ 
pose a pollutant burden that may poten¬ 
tially be hazardous to the health of ex¬ 
posed non-smokers. 

Other studies (4-11) have demon¬ 
strated that children who are exposed to 
parents who smoke carry an increased 
burden of respiratory illness. This associ¬ 
ation has been observed os early u the 
first year of life (7, 8,10), and it has baen 
noted to extend into the early teena (4, 6, 
9). Roth acute respiratory illness episodes 
(4-8, 10) a9 well as occurrence of chronic 

15 ■. 
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symptoms (9. 21) have been reported. 
However, with the exception of a study by 
Schilling et al. (12) which failed to find 
any effect, the pulmonary function corre¬ 
lates of the exposure to parental smoking 
have been largely unexplored. 

As part of a prospective study of risk 
factors for obstructive airways disease 
which may be operative early in life, we 
have investigated the effects of parents’ 
smoking patterns on the pulmonary func¬ 
tion of their children. Our findings 
suggest that a child’s passive exposure to 
cigarette Bmoke has an adverse effect on 
the child’s pulmonary function. 

Materials and mtthods 
Sel xtion of the sample 

A random sample was selected from all 
children^ aged 5-9-years-of-agc, in the 
public and parochial schools of East Bos¬ 
ton, Massachusetts, as of September, 
1974. Thirty-two per cent of all children 
in each school in the community studied 
were randomly chosen to ensure a uni¬ 
form geographic distribution in the com¬ 
munity. The number of children initially 
selected for this study was based on esti¬ 
mates of expected refusal rates and on the 
estimated number of children needed for a 
follow-up study on familial patterns of 
chronic productive cough symptoms and 
obstructive airways disease as deter¬ 
mined from a previous study in this com¬ 
munity (13). Table 1 details the outcome 
of the selected sample. 

The community of East Boston is a geo¬ 
graphically defined neighborhood within 
the city of Boston in which the inhabit¬ 
ants are of predominantly Italian- 
American descent. Sixty-three per cent of 
working adults in the present sample 
were employed as clerks (or in related 
clerical positions), craftsmen, service 
workers, or were among the operatives 
defined by the US Census definitions (14). 
Only 5 per cent held professional, techni¬ 
cal or managerial positions. Approxi¬ 


mately 40 per cent of the adults had at 
least a high school diploma. 

i. . Screening of the sample 

Between January and June, 1975, 
interviewers visited the households of the 
children who had been selected for the 
random sample. These interviewers had 
been specially trained using materials 
provided by the Division of Lung Dis¬ 
eases, National Heart, Lung and Blood 
Institute (NHLBI). They enumerated all 
residents of the households and asked 
each to attend a special neighborhood 
clinic where we could obtain respiratory 
symptom and illness histories and mea¬ 
sure of pulmonary function. Those fami¬ 
lies who agreed to participate but who did 
not come to the clinic were screened in 
their homes. 

Standardized questionnaires were used 
to obtain histories of respiratory symp¬ 
toms and illness as well as smoking his¬ 
tories and demographic data. Separate 
questionnaires were administered by the 

Tarl* i 

Outcome of tomple of index children aged 5 -9 year< 
nelectrd for study nf the effect if parental umokittp 
an their pulmonary function. Kant Boxton. AM. IH74 


Sample 

No . of 
thiWrrn 

Selected 

806 

Not available* 

lie 

Total living in study community 690 

Not contacted after 3 


home visits 

50 

Located 

640 

Parents refused 

175 I27.3»)t 

Language problem! 

6 

Other 

4 

Total interviewed 

456 m.m* 

Total with usable data 

444 <69.4a» 


• The Urge proportion of person* who moved prior 
to being contacted can be attributed directly to a 
period of instability related to problems of achool 
desegregation in the city of Boston. . 
t Per coni of MO. XV 

t Did not apeak English or Italian. ■*“ 'O' 
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interviewers for subjects less than 10 
years of age and those 10 years and older. 
Questions relating to chronic coughs 
phlegm and chest illness were those pro¬ 
posed for lung program epidemiology 
studies by the Di vision of Lung Diseases, 
NHLBI (15). Parents answered for chil¬ 
dren ages 10 years and younger for all 
questions except those pertaining to the 
child's smoking history; all other persons 
answered for themselves. Smoking his¬ 
tories were obtained from all children in 
the absence of their parents during the 
pulmonary function testing. 

Pulmonary function testing 

Subjects performed forced vital capacity 
(FVC) maneuvers while in the sitting po¬ 
sition and without the use of a nose dip, 
using an eight liter, water-filled, porta¬ 
ble, recording spirometer (Survey 
Spirometer, Warren Collins, Inc,, Brain¬ 
tree, MA). Subjects were encouraged to 
perform FVC maneuvers until five ac¬ 
ceptable tracings were obtained, or until 
it became evident that they could not per¬ 
form adequately. A tracing was consid¬ 
ered acceptable if it was at least four sec¬ 
onds in duration (adults were encouraged 
to blow for at least six seconds) and if the 
interviewer felt that a maximal effort had 
been made. All tests on children were 
done by one of two interviewers, each 
with at least two years of experience. 
Each subject’s standing height was mea¬ 
sured without shoes to the nearest one- 
half inch. All pulmonary function mea¬ 
surements were corrected to body tem¬ 
perature, pressure and water saturation. 

One-second forced expiratory volume 
(FEV,) and forced expiratory flow 25-75 
(FEF,*- t <v) were obtained by standard 
techniques (16). The working FEV| was 
obtained as the mean from the best three 
of five tracings as recommended by the 
Division of Lung Diseases, NHLBI (15). 
FEF r ,- n *8 were obtained from the same 
tracings, and a mean was calculated. The 
working means were converted into per 


cent predicted values using the nomo¬ 
grams of Dickman cl al. (17) for subjects 
less than age 25 years and those of Ferris 
et al. (18) for subjects 25 years and older. 

In addition to the retrospective respira¬ 
tory symptom and illness histories ob¬ 
tained at each subject’s entrance into the 
study, the acute respiratory illness expe¬ 
rience for the five through nine-year-old 
children was assessed prospectively over 
a two-year period using methods previ¬ 
ously described (19). Briefly, parents of 
children were colled by telephone every 
two weeks (except in July and AugUBt) for 
the two-year period September, 1975, 
through June, 1977. Those children who 
had experienced one or more selected re¬ 
spiratory symptoms in the previous two 
weeks were visited in their homes for a 
more detailed history of their respiratory 
symptoms. Definitions of upper and lower 
respiratory illness were identical to those 
proposed by Monto (20). 

Definitions of cigarette smoking 

Adults (age 20 years and older). Adults 
were defined as having never smoked if 
they never smoked or smoked less than 
one cigarette per day for more than one 
year, or less than 20 packs during their 
lifetime. Current smokers were defined as 
those who smoked more than these 
amounts and who were smoking within 
one month of the time of interview. Ex¬ 
smokers were persons who hod stopped 
smoking more than one month before the 
time of interview and who hod smoked 
more than the above amounts. 

Children (age 19 years or younger)\ 
Children were considered to have never 
smoked if they never smoked as much as 
one cigarette per week. They were classi¬ 
fied os ever-smokers if they were cur- 
rcntly smoking or had at some time 
smoked ns much as one cigarette per 
week. 

Analysis of data 

Households were divided into three 
groups on the basis of parental smoking 
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pattern (table 21. and only those for which 
interview data were available for both 
parents have been included in this 
analysis. Households in'which only one 
parent was interviewed were excluded 
since, for the purposes of this analysis, it 
was necessary to have accurate smoking 
histories for both parents throughout the 
lifetime of the children in the household. 

FEF X y- 7 > was used in the present 
analysis because it provided better dis- 

Tabuc 2 

Classification of households on the bosis ef parental 
smoking pattern. Bast Boston, A/A, 1974 

Two "never" nmoking parent* (type 0) 

a. Both parent* never »moked. 

or 

b. One or both parent* nmmoker* but neither 
smoked at any lime during the lifetime of 
all children. 

Two "current" »moking parent* (type 2) 

a. Both parent* current amoker* and smoked 
during firat year of life of all children* 

or 

b. One or both parent* e*-*moker* but both 
amnked during fir*t year of life of all: 
children. 

One "current" *moking parent (type IV 

a One ''never" and one ’’current” parent 
amoker. n* dtTinrtl above. 

* No current amoker* eacluded on thi* hn*i*. 


crimination between children in the vari¬ 
ous household smoking groups than did 
FEV,. Initial age-sex standardization was 
carried out using the nomograms referred 
to previously. However, it was observed 
that the variability around the mean 
FEFty-n per cent predicted (FEF n V*> 
was high (1 SD > 20*). Therefore, to de¬ 
crease the variability of the FEF**-n* 
measurement, and thereby increase the 
efficiency of the analysts and provide a 
more direct menns of comparing children 
in different age-sex categories, en 
FEFn-n* wore (FEF-Z score) was de¬ 
rived as follows: Children were divided 
into sex-specific, five-year age groups, 
and adults divided into two sex-specific 
groups. Within each group, subjects were 
rank ordered and the ranks converted 
into a cumulative frequency distribution. 
Each rank was then assigned a score from 
a table of areas under a standard normal 
curve (21). Each score corresponded to the 
position of the rank in the cumulative 
frequency distribution. The mean score 
within each group was thus 0 with a vari¬ 
ance of 1. The scores con, for example, be 
interpreted as follows (figure 1): persons 
with a score of +1 would have nn 
FEF r .. 7 .\* equal to or greater than 84 per 
cent of the members of their age-sex spe- 



0 

Fit a >kk I. Interpretation or FEF-Z score The FEF-Z *corr* ore normally diMnbutrd with a mean 
*p) of 0 and variance of 1. Subject* with n score of 10<rV would hove on FF.F,. ?/* predicted equal to or 
greater thnn 8-1 per rent of their peer* ihalcbod rra**-hntched area*! Subject* with a «-orr of 
would have *n FEF,> ,/* equal to or greoler than only 16 per cent of their peer* tcro**-hate bed areal 
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cific group; persons with a score of -1 
would have an FEF fW >* equal to or 
greater than only 16 per cent of their 
group. Linear regression (22, pp, 
135-147) of FEF-Z score on age failed to 
show any trend toward age ordering of the 
ranks within each age-sex specific group 
for subjects aged 5-19 years (all except 
,-three children were age 19 years or 
younger). 

A weighted mean FEF-Z was obtained 
for the children of each household in¬ 
cluded in the analysis. The weights were 
deri ved from a one-way analysis of vari¬ 
ance <22, pp. 279-285) which had demon¬ 
strated familial similarity of level of 
FEF-Z score. The effect of the weighting 
procedure is to take into account the vary¬ 
ing size of sihships in the calculation of 
the overall means (see Appendix). 

All tests of statistical significance have 
been reported as one-sided p values. The 
use of one-sided p values was felt to be 
justified since the alternative hypothesis 
of a protective effect of parental smoking 
on pulmonary function of children did not 
seem plausible. 

Selection of households for analysis 

The 444 index children initially entered 
into the study (table 1) came from 404 
households. In 318 of these households 
(79.0 per cent), both parents were living in 
the household at the lime of survey. Two- 


hundred and forty-six of these 318 house¬ 
holds (77.4 per cent) had complete data 
collected for both parenta (in 70 house¬ 
holds, the fathers refused to be inter-"' 
viewed, and in two, the mothers refused). 
These households where only one parent 
was interviewed were comparable to 
those where both parents were inter¬ 
viewed in terms of number of chi ldren per 
household interviewed (2.5 vs. 2.5), chil¬ 
dren’s age in years (median^ 8.4 vs. 8,4), 
and sex of children (per cent male, 52 vs. 
53), per cent of children who had never 
smoked (19.6 per cent vs. 17.3 per cent), 
density of people in the household (persons 
per room, 0.84 vs. 1.00), type of heating 
system in the house (per cent gas, 33.8 vs. 
29.3), and the level of education of the 
interviewed parents (per cent with high 
school diploma, 43.1 vs. 45.9). 

Of the 246 households with data for 
both parents, 154 (62.6 per cent) had ade¬ 
quate smoking history and pulmonary 
function data for at least one child in the 
household. Ninety-two households where 
both parents were interviewed were 
excluded because no child in the house¬ 
hold had data for both pulmonary func¬ 
tion and smoking history. In table 3, the 
characteristics of the 92 excluded house¬ 
holds are compared with those of the 154 
included in the study. Children from 
excluded households were younger and 
came from households where fewer chil- 
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dren per household had been interviewed. 
In other respects, these households were 
comparable to those included in the 
analysis. 

A further 29 per cent of the 445 children 
of all ages available from the 154 house' 
holds which form the basis of this report 
had missing data for pulmonary function 
and/or smoking history and, therefore, 
could not be included in the present 
analysis. Children who were excluded for 
these reasons were younger (median age, 
8 years; mean age, 8.4 - 3.6 years! than 
children available for analysis (median 
age, 10 years, mean age, 10.3 t. 3.7 years) 
but were comparable with regard to sex 
distribution (per cent male, 54.4 vs. 52.2). 
There were 87 children who were 
excluded only because of missing pulmo¬ 
nary function data. Thirty-seven of these 
children from types 0 and 1 households 
(table 2) had smoking histories which 
were comparable to children included in 
the analysis (never, 81.1 per cent vs. 82.1 
per cent; ever, 18 9 per cent vs. 17.9 per 
cent) and their median age (9 years) 
closely approximated that of children in 
the analysis. Fifty excluded children were 
from type 2 households and had a lower 
rate of personal cigarette smoking than 
those included in the analysis (ever, 12.0 
per cent vs. 21.9 per cent), This is ac¬ 


counted for by the fact that 34 168.0 per 
cent) of these 50 children were aged nine 
years or less and had never smoked (me¬ 
dian age for all 50 children, 7.5 years); 
This rate of smoking compares with a rate 
of having ever-smoked of 6.6 per cent in 
the children aged nine years or less in¬ 
cluded in the analysis (p ■ 0.124, Fisher's 
Exact Test). 

Results 

Children from type 0 households (table 
2) who themselves had never smoked 
cigarettes had higher average levels of 
FEF-Z scores than children from type 1 or 
type 2 households who never smoked 
(table 4, "all sibships"). Average FEF-Z 
scores differed by 0.156 and 0.355 stan¬ 
dard deviation units between type 0 
households and type 1 and 2 households, 
respectively. Although none of the spe¬ 
cific differences are statistically signifi¬ 
cant (table 4), the trend is consistent with 
• decreasing Icv ejW'T dhc(ibn^in^t5^?hil- 
drenjiwitht|ncrcMinB ; ?pa rentol smoking 
(XT trend - 3.316: p 0 0.m 

An identical result to that observed 
above is obtained if the analysis is re¬ 
stricted to children who never smoked 
and who also did not hove any siblings 
who smoked (table 4. “sibships with only 
non-smoking children”). The comparable 
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differences between the households ore 
0.163 and 0.311, respectively. Again, the 
specific differences nre not statistically 
significant but a clearly consistent trend 
is observed (\? trend » 2.002; p m 0.079). 
This second analysis was carried out since 
some children who reported that they had 
never smoked might have smoked and 
this would most likely occur in families 
where there were also children who had 
ever smoked (2). Such misclassification 
would serve to exaggerate differences be¬ 
tween the different parent-smoking 
household categories. That this may have 
occurred to some extent is suggested by 
the observation that the average level of 
FEF-Z score was lower for children who 
never smoked and who lived with smok¬ 
ing siblings at least in type 2 households 
liable 4, "sibships with siblings who 
smoked"). 


liowcj^ldvclii|of'pulmonaf^ilSnctfon 
rcgardl cssd^tfjtct her one or both parents 
were^iinrentsmokeni (table 5). In type 2 
households, the FEF-Z score for smoking 
children was 0.355 standard deviation 
units lower than that for non-smoking 
children (-0.309 vs. 0.046, - 1.797, p 

- 0.035). A similar comparison for type 1 
households gave a difference of 0.429 
standard deviation units (-0.236 vs. 
0.194, * 1.533,p ” 0.065). When smok¬ 

ing children were compared to non¬ 
smoking children who came from type 0 
households, mean FEF-Z scores differed 
by 0.666 (-0.309 vs. 0.357, - 2.432, p 

«= 0.01) and 0.592 (-0.235 vs. 0.357,/„ - 
1.863,p *= 0.035) standard deviation units 
for type 2 and type 1 households, respec¬ 


tively. 

The possibility that the tower levels of 
Compared to children-who had nevett3FEF-Z scores in children of smoking par¬ 
ents were the result of an increased bur- 
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den of respiratory illness was investi¬ 
gated. At entrance into the study, parents 
of children aged 5-9 years were asked if 
their child luid ever had a doctor 1 * diagno¬ 
sis of acute bronchitis, pneumonia, croup 
or bronchiolitis, and the age n! which 
each was first diagnosed (table 6), There 
was no consistent tendency for the respi¬ 
ratory illness burden to increase with in¬ 
creasing parental cigarette smoking, til* 
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Further confirmation of n lack of associn* Discussion 

tion of parents* smoking and respiratory 

illness frequency is found in table 7. The The data presented^iiqjhis report^jndi- 
cumulative tw* ye ar respiratory illness of 

frequency ns determined directly in a parents may have a mc^^gai^eycnect on 
prospective study was very similar for non- 

children in the three parent smoking jjnnokm g effect 
categories. Moreover, there was no trend is pr^pm^mij^q^to psn??it^moking 
toward increasing illness burden with an hnd is nofape^ of 

increasing number of parents who tfie^chrtSrcVs smoking Habits. The aver- 
smoked. age level of age-, height* and sex- 

indices of household crowding and type standardized FEFWt* of children who had 
of home heating system were also men- never smoked declined progressively be- 
sured. The mean number of persons per tween families with two parents who had 
room was virtually identical for the three never smoked through families with two 
household types (type 0 = 1.04, type 1 = currently smoking parents (table 4). The 
L10, type 2 «= 1.00). Analysis of the average decline in FEF, v - n ranged be- 
number of homes with central gas heating tween 0.15-0.20 standard deviation units 
systems in kitchens (a common type of with the addition of each smoking parent 
home healing system in East Boston) to the household. Moreover, the difference 
showed that typo 2 households had a in the average level of FEF*.%-t* was as 
smaller percentage of such systems (23.7 large between non-smoking children with 
per cent) than type 0 (54.5 per cent) and two non-smoking parents (type 0 house- 
type 1 households (78.3 per cent). holds) and similar children with two 

Attempts to directly monitor the indoor smoking parents and no smoking siblings 
environments of the three parent smok- (0.311 standard deviation units) as it was 
ing groups for levels of various air pollut- between smoking and non-smoking chil* 
ants were unsuccessful because we were dren with two smoking parents (type 2 
unable to obtain the cooperation of a suf- households, 0.355 standard deviation 
ficient number of households. Data from units). 

previous work in East Boston (13) have Although some of the specific compnri- 
shown that there are no overall differ- sons between the parent-smoking house- 
cnces in outdoor air quality in various hold groups did not achieve statistical 
parts of the community. significance, the patterns of decline ilg 
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Titictl .mir rr*/Mr«i/orv ilinr m* txprrirncr for chihirrn afitxi S-9 vrora, by po nr nt arnttMin# ra/r#«»ry, 

EoU Bo*ton. AM. t97H -1977 



No. of illnrwtn) 


Parent •molting category 


Type 0 

Type 1 

Type 2 


0-1 

2IS7P 

17121 3) 

20(21.3) 


2 3 

7130.41 

31 (38.8) 

31 (33.0) 


**3 

14160.9) 

32 <40.01 

43 (45.7) 


Total 

23 

80 

94 


• Include* upper *nd lower respiratory illneenc* nnd rpiNode* of isolated cough (20). All children aged 5-9 
year* in the variuu* household group* for whom *ech data were available are included, regard lea* of 
whether or not they weir included in the analysis of pulmonary function. 

1 Per cent of column totnt—mnlr* nnd frmnle* combin*»d hecwuac their rate* were not nignlflcnntly dif¬ 
ferent fxt - 3.920; p •» 0.417). 
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lewis of the standardized Fhr rv : .. wm» 
consistent in all the ahalysos^fhost'Tom* 
pa r isons* ,wh ichi reflected t he extremes of 
$*hat migh t Ik* considered a dose-response 
relationship between parental smoking 
jimi the childrenV. level^f FEF JV . j**e.g., 
r^m^moking children of two non-smoking 
parents vs. smoking children of two cur¬ 
rently smoking jmrents) did achieve 
statistical significance. 

The question of the validity of the ob¬ 
servations reported bears directly on the 
nature of the sample of subjects used in 
the present analysis and the method 
for standardizing FEF**. TS . Families 
excluded because only one parent was 
interviewed were comparable to families 
with two parents interviewed with regard 
to important demographic and smoking 
variables. A potential problem docs exist 
in the 154 two-parent families finally 
selected for analysis. Children from these 
families who were excluded due to miss¬ 
ing pulmonary function and/or smoking 
history data were younger and, con¬ 
sequently, smoked less than those used in 
the analysis. Most of these differences 
were accounted for by the children 
excluded in the type 2 families. These 
excluded children could have biased the 
results only if their relative youth and 
lack of smoking experience diminished or 
enhanced their susceptibility to the ef¬ 
fects of their parents’ smoking There is 
no evidence to suggest the former pos¬ 
sibility, nor does it seem likely. Any en¬ 
hanced susceptibility which these 
excluded type 2 children might show 
would tend to increase the st rength of the 
reported associations. Therefore* ou^C- 
sults could be, biased loward an uncpl- 
cstimnte of the tru^magnitude of the oV 
served relationship? 

The use of the FEF-Z score is not likely 
to account for the observed results. Pre¬ 
liminary analysis demonstrated that 
there was no age ordering of the scores 
either within each age group or in the en¬ 
tire group aged 5-19 years (i.e M the group 


that included all but three of the children 
in this analysis). Thus, any minor age dif 
ferences between the three household 
groups could not account for the findings 
in this study. Although the use of the 
FEF-Z score does not permit n direct con¬ 
version back to a flow rate, this is not a 
serious limitation for the present report. 
The major interest here is in relative dif¬ 
ferences between groups of children. For 
this purpose, the score is ideal since it al¬ 
lows estimates of relative differences 
across a wide range of ages in terms of 
standard deviation units which are easily 
understandable. 

Our findings differ from those of Schil¬ 
ling et al. (12), who addressed this prob¬ 
lem but were unable to demonstrate any 
effect of parental smoking on the pulmo¬ 
nary function of children. Several factors 
might explain this variation. The defini¬ 
tions of parental smoking differed, with 
Schilling et al. (12) using only parents* 
current smoking as the criterion. Differ¬ 
ent measures of pulmonary function are 
also reported, and the disparity in the two 
sets of findings may reflect differences in 
the inherent ability of various measures 
of pulmonary function to distinguish be¬ 
tween the gioups of children. Finally, the 
analysis of variance used by Schilling et 
nl. does not appear to properly correct for 
the differences in sibship size and the fact 
that there is a significant intraclass corre¬ 
lation of pulmonary function among sib¬ 
lings. These factors have been controlled 
in the present analysis. 

The mechanisms that underlie the pro¬ 
gressive decline in FEF»_ n with increas¬ 
ing parental smoking are conjectural. Our 
data do not suggest that an increased re¬ 
spiratory illness burden is the explana¬ 
tion, os has been suggested by others (7,8, 
10). Studies which have examined chil¬ 
dren in the first few years of life have con¬ 
sistently found an association between 
parental cigarette smoking and increased 
episodes of respiratory illness (7, 8, 10). 
The present data are retrospective in this 
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regard liable 6>. and the tminlwr of typo () 
households available for analysis was 
very small Therefore, our data may not 
be as sensitive ns those in studies which 
directly observed infants and very young 
children. Studies using populations of 
children comparable in age to our own 
have focused largely on the relationship 
of chronic symptoms (5, 9. 11) to smoking 
habits of adults, and their data are not 
comparable to ours. In one of these studies 
(5k which evaluated acute respiratory 
tract illness, data were collected retro¬ 
spectively with no confirmation by pro¬ 
spective follow-up. A scries or studies (4, 
6k which focused on acute respiratory ill¬ 
ness in relation to parental smoking, did 
show an association between an increased 
numoer of such illnesses in the children of 
smoking parents in the seven days pre¬ 
ceding interview. It is difficult to compare 
such findings with our own,since the 
methods and period of observation are so 
different. 

Although the assessment of socio¬ 
economic status and individual household 
environment is incomplete/our limited 
data do not suggest 

jjm 

^Ininfh^ the results we obUfmeo: Indices 
of crowding were comparable in the three 
household groups. Type 2 households 
were least likely to have large gas- 
burning heating units in their homes. Fi¬ 
nally, the range of socioeconomic status, 
ns indicated by job and level of education, 
is limited in the study community. Be¬ 
cause of the small number of type 0 
households, a meaningful analysis of 
these factors could not be undertaken. 

The possibility that contamination of 
indoor air by cigarette smoke may play a 
part in our findings has not been system¬ 
atically explored. We were unable to de¬ 
termine satisfactorily to what extent the 
atmospheres of the homes of the various 
household groups differed. However, 
others (3, 23, 24) have demonstrated that 


cigarette smoke contaminates indoor air 
to a substantial extent anil that .substan¬ 
tial amounts of respirable particulates 
such as tar and nicotine, ns well nscnrlxm 
monoxide and other gases enn be detected. 
The mechanisms bv which this contami¬ 
nation might affect the lungs of non- 
smokers have not been well studied. Tars 
have been shown to be allergens capable 
of inducing precipitin reactions in rabbits 
(25), and, although it is not believed to he 
an allergen itself, nicotine may he able to 
function ns a hnplcn when combined with 
other substnnccs (26). Becker et al. (27, 
28) have isolated a glycoprotein present 
in tobacco smoke to which human volun¬ 
teers demonstrate cutaneous hypersen¬ 
sitivity and which is capable of activat ing 
Factor Xll (Hagerman factor). They pos¬ 
tulate that the glycoprotein may trigger 
an inflammatory response via activation 
or Factor XII which might be related to 
the pulmonary injury associated with 
cigarette amount of 

ns wollhsurcly. n grent 
deal more work will he needed to clearly 
define the risks to the lungs of non- 
smokers. 

At present, obviously, it is impossible to 
know the long-range health effects of t he 
observations reported here regarding the 
passive effects of parental smoking. The 
long-range effects are the focus of the pro¬ 
spective portion of this study as it con¬ 
tinues over time. 

In addition, ollhough this report hns fo¬ 
cused on the passive effects of parental 
smoking, it is important to remember the 
very direct effect of the children's own 
smoking habits on their relative levels of 
FEF t *. u T^ejoj^ta lend addiUonal.sup- 
port 

^^30^l^at cigaret^^mpking in fntl- 

quencer^ and total 

^ugarett^^n^mptioti. Additional data 
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population to explore this problem in 
mon* dept h. 

Rl.tKHt.Mr n 

1 Prevention Branch. Division of Cancer Control 
ami Hrh.ibl111 .il lttiij NCI. and Center fur Disease 
Cimllnl Adult IVe of Toliarco-• 1975. Brthesda. 
MI), .tod Atlanta. r»A, June, 1976. pp 21 22 

2 IVt n age Smoking: National Patter nr* of 
(’iprrtli* Smoking, Ages 12 through 18* 
1972 11)7-1 DHKW Publication *NIIIt 76-931. 
Washington. IK*. VS (11*0. 1975 

3 Shimettr 1. Hoffman D. Wynder KLTHe influ¬ 
ence of tobacco -moke on indoor atmospheres. 1. 
An ovi'i virw Prev Med 4 66 - 82. 1975 

4 Cameron 1*. KoMm JS. Z.tks JMi et at: The 
he.ill h of-makers’ and nantsinokers* children. J 
Allergy 43336 :i4t, 1969 

, r ) Norman-Taylor \V: Dangers for children in 
smoking families Common Med 128:32- 33, 

1 *17.2 

G (“ameron P, Roltertson I): Effect of home envi¬ 
ronment toliuiro smoke on family health: J Appl 
Psychol 57:142- 147. 1973 

7 Karla pS. Dirvis AM: Infant admissions to hospi¬ 
tal and maternal smoking. Lancet 1:529 532. 
1974 

8 Colley JRT. Holland WVV, Corkhill RT: Influ- 

ence of passive smoking and parental phlegm on 
pneumonia and bronchitis in early childhood, 
lamed 2:1031 1034. 1974 

9. Colley JRT: Respiratory symptoms in children 
and parental smoking and phlegm production. 
Hr Med J 2:201 204. 1974 
10 lousier SK. Corkhill R. Irwig l.M, el ill: Influ¬ 
ence of family factors on the incidence of lower 
respiratory illness during the first year of life. 
Hr 3 Prev Soc Med 30 203 212. 197G 
II. Bland M. Bewley HR, Pollard V, et al; Effect of 
children’* and parents’ smoking on respiratory 
symptoms. Arch Di* Child 53:100- 105* 1978 

12 Shilling RSF. U*tai Al). Hui 03, el al: Lung 
function, respiratory disease, and smoking in 
families. Am 3 Epidemiol 106:274 283. 1977 

13 Tager IH. 'fishier PV, Rustier H. et ul: Studies of 
the familial aggregation of rhronic bronchitis 
and obstructive airways disease. Ini J 
Epidemiol 7:55-62, 1978 

14 US Bureau of the Census: 1970 Census of Popu¬ 
lation. Alphalietical Index uf Industries and Oc¬ 
cupations. Washington. DC. US (»PO, 1971 


15 N.iliamall Heart and Lung Institute lVctint* 
mended .Standardized Proiedn.ri* fui N il LI 
Lung IVogram Epidemiology St miles. Ke|>ort of 
Workshop on Epidemiology of Respiratory Dis- 
eiiM-s. Bet hex!a. Ml ), S jHemU r IH 19 :97l 

16 Kory K0, Callahan R; Boren IBI.H ul T * Vet¬ 
eran* Administration Army <«m|: *i*tivc Study 
of Pulmonary Function I Clmual spi* -inetry 
in normal men Am J Med 30 243 258. HNH 

17. Hickman ML. Schmidt! fl), (iardnei RM 
Spirometric standards for normal chiltlr n and 
adolescents. Am Rev Respir His 104:680-687. 
1971 

18 Kerris BO. Anderson HO. /ack mantel R: l*redic- 
tion values for screening tests of pulmonary 
function. Am Rev Respir His 91:252- 261. 1965 

19 Tager IB. Speizcr KE: Sui vetlhimt* technique* 
for respiratory illness Anh Environ Health 
31 25 28. 1976 

20 Monto AS. Napier JA. Melrner IIL TheTccum- 
seh Study of Respiratory II Ibcss I Plano study 
and observations on syndromes of ueuU* i **xpirn- 
lory illness. Am J Epidemiol 94 269 27'\ 1971 

21. Fisher RA, Yales F: Statistical Tables for 
Biological; Agricultural and Medical Research. 
New York, llafncr Publishing Co, 1970, p 94 

22. Snedecor CAV. Cochrnn WIJ: Statistical Meth¬ 
ods. Ames. I A, The Ikiwu Stale University Press, 
1973 

23. Hinds WC, First MW Concentrations of 
nicotine and tohoeco in public places. New Engl 
J Med 292:844 -845, 1975 

24. Proceedings of the 3rd World Conference on 
Smoking and Health, Volume 11 DI1KW Publi¬ 
cation No. (Nil!) 77- 1413 Washington, IK.US 
OK); 1977, pp 51-58 

25. Coltoju A. Mhtncocu I), L*lr V: Consideration 
concerning sensitization to tobacco. Vinla 
Med train 16:29-37. 1969 

26 Si I vet te II. Larson 174,llaag HR: Immunologic 
as|Mits of totmreo and smoking Am J Med Sci 
234 5G1 -589. 1957 

27. Becker CG, Duhin T, Wiedemann HP: Hyper- 
sensitivity to tolwicco nnligen ProcNot) Acad Scl 
73:1712 1716. 1976 

28, Becker Cl», Duhin T: Activation of Factor XII by 
toliaevo antigen J Exp Mul 146 457 * 467. 1977 ^ 

29: Seely JE. /usk in E. Bouhtiy* A Cigarette smok¬ 
ing: Objective evidence for lung dumuge in 
teenagers Science 172:741 - 743, 1971 

30. Lim TPK: Airway obstruction among high 
school students. Am Rev Respir Din 
108 985 988. 1973 


Appendix 

A. One-Way Analysis of Variance-Random Effects Model 

I V„ =■ p + A r 4 e u ; A t - MiO. - NiO, *r*L 

when* Y„ - FKF-Z score for thejth person in the t'th household, 
jli = mean FEF-Z score for the population, 
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A. random effect due to family, and 

random effect fnrjlh |>erjst*n in t th family. 

2. >7 t* * A. * 17 . 

where V - the nvrrap' KKF*Z scon* for the ith family, 

A, - ns alwvr, and 

<7 = random effect within the ith family and - -r„/ N t 
and variance t Y,V - <r* + iA/ty 
where A\ - number of persons in ith family. 

3 V' - Yjlw t 

where u %, « |/.(rr* + »r/N,) 

and variance (Y) * l/la% 

B. Example of Weighting Procedure 

From l Way ANOVA ir» - 0.723 <r] - 0.230 
No. in 


Family 

ith Family 

Y, 

l<\ 

u\Y. 

1 

1 

1.889 

1.049 

1.982 

2 

2 

-0.191 

1.691 

-0.32a 

3 

3 

1.255 

2.123 

I w, = 4.863 

2.664 

lw,Y, = 4.323 


? . i?|. o.*® 
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Weiss, S.T., Tager, I.B., Speizer, F.E., Rosner, B. "Persistent 
Wheeze: Its Relation to Respiratory Illness, Cigarette Smoking, 

and Level of Pulmonary Function in a Population Sample of Children" 
American Review of Respiratory Disease 122: 697-707, 1980. 

SUMMARY: In a study of early-life risk factors for the development 

of adult obstructive airway disease, respiratory symptoms, disease 
and smoking histories, and spirometry were obtained for 650 children 
5 to 9 yr of age and their families in East Boston, Massachusetts. 
Persistent wheezing was the most frequently reported chronic 
symptom', occurring in 9.2% (60/650) of the population. Children 

with persistent wheezing were more likely to report cough and phlegm 
(pcO.OOl), a history of asthma (p<0.001J, hay fever (p<0.02), or 
past hospitalization with a respiratory illness (pcO.OOl) than 
their asymptomatic peers. Prospective evaluation of a subsample 
of the 650 children confirmed a greater occurrence of acute lower 
respiratory illness in those children with persistent wheeze. 

Parental cigarette smoking was linearly related to the 
occurrence of persistent wheeze (p=0.012) and lower degrees of 
mean normalized forced expiratory flow during the middle half of 
the forced vital capacity (FEF-Z score). A multiple linear 
regression identified the mother's current smoking status and 
current persistent wheeze as significant predictors of the 
children’s mean FEF-Z score. Other variables, such as the father's 
smoking, children's personal smoking, a doctor's diagnosis of 
( asthma, and a past history of lower respiratory illness were not 

significant predictors of the FEF-Z score. 


;! 




Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383122 




Persistent Wheeze 


Kisses.-] 


Its Relation to Respiratory Illness, Cigarette Smoking, and Level of 
Pulmonary Function in a Population Sample of Children 1 ' 1 


SCOTT T. WEISS, IRA B. TAGER,* 

FRANK E. SPEJ2ER, and BERNARD ROSNER 


SUMMARY 


In a study of early-life risk faetOTS for the development of adult obstructive airway disease, respiratory 
symptoms, disease and smoking histories, and spirometry were obtained for 650 children 5 to 9 yr of age 
and their families in East Boston, Massachusetts. Persistent wheezing was the most frequently reported 
chronic symptom, occurring in 9.29* (60/650) of the population. Children with persistent wheezing were 
more likely to report cough and phlegm (p < 0.00L), a history of asthma (p < 0.001), hay fever (p < 0.02), 
or past hospitalization with a respiratory illness (p < 0.001) than their asymptomatic peers. Prospective 
evaluation of a subsample of the 650 children confirmed a greater occurrence of acute lower respiratory 
illness in those children with persistent wheeze. 

I degrees of njjSn normalized 

icor& A multipte Ijnear rcgressog^entificd the mother^ dfiftus and current 

nt wheefe as tigmfionl prtdktt n Of thc children’s < teeanf ;, EE-Zscore. Other variables, such as 
the father’s smoking, children’s personal smoking, a doctor’s diagnosis of asthma, and a past history of 
lower respiratory illness were not significant predictors of the FEF-Z score. 



Introduction 

The most important risk factor for the develop¬ 
ment of chronic respiratory symptoms and air¬ 
flow obstruction in adults is cigarette smoking (li)i 
However^ a small number of adults with chronic 
airflow obstruction have never smokedand many 


(Received in original form January 2, 1980 and in revised 
form August 4 . 1980) 


1 From the Channing Laboratory and Departments of 
Medicine, Harvard Medical School and Peter Bent 
Brigham Hospital, Division of Affiliated Hospitals 
Center, Inc.; the Department of Preventive and Social 
Medicine, Harvard Medical School; the Thorndike Lab¬ 
oratory, and Department of Medicine, Harvard Medical 
School, and Beth Israel Hospital. 

* Supported by Grant No. HL21063, Contract No. 
LHR3-2906, and Training Grant in Clinical Epidemi¬ 
ology No. HL05998 from the Division of Lung Disease, 
National Heart, Lung and Blood Institute. 


lifelong smokers never develop respiratory symp¬ 
toms or clinical evidence of chronic airflow ob¬ 
struction. The explanation for this individual sus¬ 
ceptibility to the effect of direct exposure to 
cigarettes is unknown (2). Among the factors 
studied to date in adult populations, e.g., 
o-antitrypsin polymorphism (3), atopic diathesis 
(4), and a retrospective history of childhood respi¬ 
ratory illness (5, 6), none has provided dear in¬ 
sights into this susceptibility. 

Epidemiologic studies of respiratory disease in 
children have demonstrated that children with 
chronic respiratory symptoms have lower degrees 
of pulmonary function (7,8). The hypothesis that 
factors such as lower respiratory illness, atopic 

* Requests for reprints should be addressed to I.B. 
Tager, M.D., Channing Laboratory, 180 Longwood 
Avenue, Boston, MA 02115. 

* Dr. Tager is a recipient of an Edward Livingston 
Trudeau Fellowship from the American Lung Association. 
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diathesis, and cigarette smoking acting during 
childhood may be important in the subsequent de¬ 
velopment'of chronic airflow obstruction in adult 
lift has been suggested, As part of a prospective 
study of early-life risk factors for the development 
of chronic airflow obstruction, we determined the 
relation of chronic respiratory symptoms (current 
persistent wheeze and chronic cough and phlegm) 
to the occurrence of Lower respiratory illness, 
atopic diathesis, personal and parental cigarette 
smoking habits, and the level of pulmonary func¬ 
tion in a population sample of children. 

Methods 

Selection of sample. A random sample was taken of all 
children 5 to 9 yr of age (index children) in the public 
and parochial schools of East Boston as of September 
1974 (Twenty-two children 4 yr of age and 5 children 10 
yr of age were included in the sample because they ap¬ 
peared on the school registration lists from which the 
sample was actually di awn). Thirty^v o per cent of all 
children in each school in the study community were 
randomly chosen to ensure a uniform geographic distri¬ 
bution in the study population. The number ofchildren 
initially selected for study was based on estimates of ex¬ 
pected refusal rates and on the estimated sample needed 
for a follow-up of familial patterns of chronic produc¬ 
tive cough as determined from a previous study in this 
community (9). 

East Boston is a geographically defined neighborhood 
within the city of Boston. Its inhabitants are of pre¬ 
dominantly Italian-American descent., Sixty-three per 
cent of the working adults in the study sample were 
clerks (or in related positions), craftsmen, service 
workers, or one of the other operatives defined by the 
LJ.S. Census (10). Five per cent of them held profes¬ 
sional, technical, or managerial positions. Approx¬ 
imately 40.% of the adults had a high school diploma. 

Screening of sample. The households of the selected 
children were visited between January and June 1975 by 
specially trained interviewers (trained using materials 
provided by the Division of Lung Diseases, National 
Heart, Lung and Blood Institute), and the persons in the 
households were enumerated. All members of the house¬ 
hold were then asked to attend a special neighborhood 
dink for the purpose of obtaining respiratory symptom 
and illness histories and measures of pulmonary func¬ 
tion. Those families who agreed to participate but did 
not come to the clinic were interviewed at home. Stan¬ 
dardized questionnaires were used to obtain histories 
and demographic data for all members of the house¬ 
hold. Separate questionnaires were administered by the 
interviewers for subjecu younger than 10 yr of age and 
for those older than 10. Questions relating to chronic 
cough, phlegm, and chest illness were those proposed by 
the Division of Lung Diseases, National Heart, Lung 
and Blood Institute (II). Mothers answered all ques¬ 
tions for children 10 yr of age or younger except those 


questions pertaining to the child’s smoking history: 
Smoking histories were obtained from children individ¬ 
ually in the absence of their parents during the pul¬ 
monary function testing. 

In addition to the respiratory symptom and retrospec¬ 
tive illness histories obtained for all index children and 
their siblings at entrance into the study, the acute respi¬ 
ratory illness experience for the index children was 
assessed prospectively over a 2-yr period using methods 
previously described (12), Briefly, parents of the index 
children were contacted by telephone every 2 wk (except 
in July and August) for the 2-yi period from September 
1975 through June 1977. Index children who experienced 
one or more selected respiratory symptoms in the prevf 
ous 2 wk w ere visited in their homes, and a more detailed 
history of their respiratory symptoms was obtained. 
Definitions of upper and lower respiratory illness were 
identical to those proposed by Monto and associates 
(13), with the exception that the lower respiratory 
episodes characterized by wheeze as the sole criteria 
were not counted as lower respiratory illness. 

Definitions of respiratory symptoms and illnesses. 
Current wheezing was assessed ion k he basis of the fol¬ 
lowing questions posed by the interviewers: 

“Docs _’s breathing ever sound 

wheezy or whistling?" 

(/) No. If yes, ask: (2) Does this occur only with 
colds? (5) Does this occur occasionally apart from 
colds? (4) Does this occur most days or nights? (5) 
Does this occur with colds and occasionally apart 
from colds? 

For the purpose of this report, the absence of current 
wheezing was defined as a response of “no" or wheez¬ 
ing “only with colds." Children with wheezing “occa¬ 
sionally apart from colds" only were excluded from the 
analysis. Current persistent wheezing was defined as 
wheezing that occurred “with colds and occasionally 
apart from colds" or “most days and nights." 

Chronic cough and phlegm was defined as cough and 
sputum production for any 3 months in any 1 year. 

Specific respiratory illnesses were defined in terms of 
parental response to each of the following questions: 
“Has a doctor ever told you that your child has ever 
had. . . . (/) asthma? (2) hay fever? (J) eczema? (4) 
croup? (5) bronchitis? (tf) bronchiolitis? (7) pneu¬ 
monia?" 

The age at the time of rim diagnosis and the total 
number of episodes of each illness were also recorded. 

The presence of an atopic diathesis was defined as a 
positive response to the questions: “Has a doctor ever 
told you that you had .. . (a) hay fever? (fc) asthma? (c) 
eczema?" (Each asked separately ) 

Definitions of cigarette smoking. A parent was defined 
as having never smoked if she/he never smoked, smoked 
less than 1 cigarette per day, or smoked less than a total 
of 20 packs during heT/his lifetime. A current smoker 
was defined as one who smoked more than the above 
amount and was smoking within 1 month of the time of 
interview. Ex-smokers were defined as persons who had 
stopped smoking more than l: month before the time of 
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the interview, and had smoked more than the above 
amounts previously. 

Households were classified as nonsmoking if both 
parents were "never” smokers. Smoking households 
were divided into those in which both parents were 
"current” smokers and households in which only 1 
parent was a "current” smoker and the other parent 
either a "never” smoker or an ex-smoker. Households 
in which only a single parent was interviewed were ex¬ 
cluded from this analysis. 

A child was considered to have never smoked if he or 
she never smoked. A child was classified as an ever* 
smoker if he or she had at sometime smoked a cigarette, 
regardless of amount, as determined by response to a 
scries of standardized questions asked in the absence of 
parents. 

Pulmonary function testing. Forced vital capacity 
(FVC) maneuvers were performed in the sitting position 
without a noseclip, using an 8-L, water-filled, portable 
recording spirometer: (Survey Spirometer; Wairen CoU 
lins, Inc., Braintree, MA). A tracing was considered ac¬ 
ceptable if it was at least 4 s in duration and if the inter¬ 
viewer felt that a maximal effort had been made. Ail 
tests on children were done by 1 or 2 interviewers, each 
with at least 2 yr of experience. Standing height was 
measured without shoes to the nearest one half inch. 
Forced expiratory volume in one second (FEV,) and 
forced expiratory flow during the middle half of the 
FVC (FEF„-n) were obtained by standard techniques 
(14). After correcting volumes to btps, per cent pre¬ 
dicted values were obtained using the nomograms of 
Dickman and co-workers (15). 

Analysis of data. The FEFj,->t% was used in the pre¬ 
sent analysis because it provided better discrimination 
between children in the various household smoking 
groups than did the FEV, t Initial age-sex standardiza¬ 
tion was carried out using the nomograms referred to 
previously. However, it was observed that the variabil¬ 
ity about the mean FEF lt _ T) per cent predicted 
(FEF„.ti*) was high (1 SD > 20Vo). Therefore, to de¬ 
crease the variability of the FEF»,-mw and to increase 
the efficiency of the analysis, a score (FEF-Z score) was 
derived as follows: Children were divided into sex-spe¬ 
cific, 5-yr age groups. Within each group, subjects were 
rank ordered, and the ranks were converted into a 
cumulative frequency distribution. Each rank was then 
assigned a score from a table of areas under a standard 
normal curve (16). The mean score within each group 
w as thus 0 with a variance of 1. The scores can be inter¬ 
preted as follows (figure 1): persons with a score of +1 
had a FEF, u »»*s equal to or greater than 84V# of the 
members of their age- and sex-specific group; persons 
with a score of — 1 had a FEF„- ? ,% equal to or greater 
than only 16% of their group. Linear regression (17) of 
the FEF-Z score on age failed to show any trend toward 
age-ordering of the ranks within each age- and sex-spe¬ 
cific group for subjects 5 to 19 yr of age (alt except 3 
children were 19 yr of age or younger). Only children 5 
to 9 yr of age were included in subsequent analyses. 

A weighted mean FEF-Z score was obtained for the 


children in each .household included in the analysis. The 
weights were derived from a random effects analysis of; 
variance model (18), which had demonstrated a signify 
cam familial clustering of the FEF-Z score. The effect 
of the weighting procedure is to take into account the 
varying size of sibships in the calculation of the overall 
means (19). 

When appropriate, comparisons were performed with 
the chi square test with a correction for continuity 
unless estimated cell size was less than 5, in which case 
Fisher’s exact test was used. A step-down multiple linear 
regression model was used to assess the effect of t num T 
ber of variables on the children's FEF-Z score (20). 

Inclusion of subjects in analyses. The outcome of the 
overall sample selection used for this study has been 
presented in detail elsewhere (19). 

Although respiratory symptom and illness question¬ 
naires were completed for 650 children 5 to 9 yr of age, 
not all of these children had data available for smoking 
history and pulmonary function. Furthermore, because 
of the combination of subject refusal and the existence 
of single parent households, smoking data were not 
available for both parents in all households. To identify 
possible bias due to excluding subjects in the analyses, 
the comparability of various subject groups was assessed! 

Personal smoking history data were available for only 
67V# of the study children. The percentage of nonre¬ 
spondents to the questions about personal smoking was 
not significantly, different for children with current per^ 
sistent wheeze (28.3Vo, 17/60) from those without this 
symptom (33.9Vo, 193/569). 

Smoking history data for both parents in the house¬ 
hold were available for 51.7Vo (31/60) of children with 
current persistent wheeze, and 59.9V# (341/569) of. chil¬ 
dren without this symptom (p = NS). The availability 
of these data also was not significantly different for 
children with and without the symptoms of chronic 
cough and phlegm (52.4V#*11/21 versus 61.2V#, 372/608). 



Fig. 1. Interpretation of the FEF-Z score. The FEF-Z 
scores arc normally distributed with a mean (p) of 0 and 
a variance (a*) of 1. Subjects with a score of 1 (lo) 
would have an FEF„_ t »* equal to or greater than 84V* 
of their peers (hatched and cross-hatched areas). Sub¬ 
jects with a score of - 1(- lo) would have an FEF t ,_„* 
equal to or greater than only 16V# of their peers (cross- 
hatched area) (19). 


:H 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383125 













7oG 


WEISS. TAGER. SPEIZER, AND ROSNER 






I ii 


K Ii 


TABLE 1 

AGE-SEX DISTRIBUTION OF THE INDEX CHILDREN AND THEIR SIBLINGS 
SURVEYED FOR RESPIRATORY ILLNESS SYMPTOMS IN EAST BOSTON, MASS., 
JANUARY-JUNE 1975 


Index 

Children 


Siblings 


Total 


Age 

Male 

Female 

Male 

Female* 

in tacn 
Age Group 

4 

11 

10 

0 

1 

22 

5 

35 

38 

17 

25 

115 

6 

56 

38 

12 

14 

120 

7 

54 

35 

19 

23 

131 

8 

51 

46 

24 

20 

141 

9 

38 

24 

21 

27 

110 

10 

5 

3 

1 

2 

11 


250 

194 

94 

112 

650 


• jJ lor difference between males and females « S.W; p - NS, 


Forced expiratory volumes were performed satisfac¬ 
torily by 60, B?# (395/650) of the study children. Chil¬ 
dren with and without pulmonary fi nctiei data were 
comparable with regard to sex distribution, average 
number of siblings per household, parent smoking his¬ 
tory, type of home heating system, reporting of a doc¬ 
tor’s diagnosis of asthma, and the reporting of current 
persistent wheeze. Children with missing data were sig¬ 
nificantly younger than those for whom funclion data 


were available, and they were significantly \tss likely to 
have ever smoked cigarettes. 

Results 

Six-hundred fifty children, 4 to 10 yr of age, from 
414 families w ere interviewed. There were 444 in¬ 
dex children and 206 of their siblings (table 1). 
The age distribution for the male and female chil- 


TABLE 2 

A HISTORY OF PAST OCCURRENCE OF RESPIRATORY ILLNESS AND 
SYMPTOMS IN CHILDREN 5 TO 9 YR OF AGE BASED ON 
QUESTIONNAIRES ADMINISTERED AT THE INITIAL INTERVIEW 


Males 


Females 


Illnesses and Symptoms 

Number (%); 

Number (V*): 

Total (%) 

Acute resp!ra*ory Illness 

Croup 

48 (14.0) 

33(10.8) 

81 (12.5) 

Bronchiolitis 

3 ( 0.9) 

2(0.7) 

5 (: 0.8) 

Acute bronchitis 

69(20.1) 

58(19.0) 

127 (19.5) 

Pneumonia 

44 (12.8) 

41 (13.4) 

85 (13.1) 

Atopic Illness 

Hay fever 

7( 2.0) 

5 ( 1:6) 

12 ( 1.8) 

Asthma 

26 ( 7.6) 

13 ( 4.2) 

39 ( 6.0) 

Eczema 

26 ( 7.6) 

21 ( 6.9) 

47 ( 73) 

Chronic respiratory symptoms 

Cough and phlegm 

8 ( 2.3) 

13 ( 43) 

21 ( 3 3) 

Wheeze 

No wheezing or occasionally 

301 (87.5) 

268 (87.6) 

669 (87.5) 

with colds 

Wheezing occasionally apart 

9 ( 2.6) 

7( 2.3) 

16 ( 2.5) 

from colds* 

Wheezing with colds and 

32 ( 9.3) 

28 ( 9.2) 

60 ( 9 3) 

occasionally apart from colds 
on most days and nights 

Missing data* 

2 ( 0.6) 

3 (1.0) 

5 ( 0.8) 


n * 344 

n * 306 

n m 650 


*The»e children with Intermediate whwi etetu* and mleelftfl dal* were excluded from all wbMqMnt 

analysts. 


mm 
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drcn was not significantly different (xJ * 3.94, 
NS). The mean age for male children was 7.0 yr, 
and the mean age for female children was 6.9 yr. 

Acute respiratory illnesses were reported to 
have occurred with equal frequency in male and 
female children (table 2). Episodes of acute bron¬ 
chitis were the most frequently reported acute 
respiratory illness (19.5%), followed by episodes 
of pneumonia (13.1%), a history of croup 
(12.5%), and a history of bronchiolitis (0.8%). 

Atopic diseases (except asthma) were also re¬ 
ported^ with equal frequency in male and female 
children (table 2). Eczema was the most frequent¬ 
ly reported atopic disease (7.2%), followed by 
asthma (6.0%) and hay fever (1.8%). 

Asthma was reported more frequently for male 
children (7.6%) than for female children (4.2%), 
although this difference was not significant. Cur¬ 
rent persistent wheeze occurred equally in both 
sexes (9.3% versus 9.2%). The reported symp¬ 
toms of chronic cough and phlegm production 
were also not significantly different for male and 
female children (2.3% versus 4.2%). The 5 chil¬ 
dren with missing wheeze data (including 3 chil¬ 
dren with a doctor’s diagnosis of asthma) and the 
16 children in the intermediate wheeze group 
(wheezing occasionally apart from colds) were ex¬ 
cluded from all subsequent analyses. 

Of the children for whom a doctor’s diagnosis 
of asthma was reported, 63.9% (23/36) had per¬ 
sistent wheezing compared with 6.2% (37/593) of 
children for whom a doctor’s diagnosis of asthma 
was not reported (x ] = 124.12, p < 0.001). Simi¬ 
larly, children with a history of asthma were signi¬ 
ficantly more likely to report the presence of 
chronic cough and phlegm (13.9%^ 5/36) than 
children without a history of asthma (2.7%, 
16/593) (p = 0.01, Fisher’s exact test). Among 


the nonasthmatic children with current persistent 
wheeze, 24.3% (9/37) reported the occurrence of 
chronic cough and phlegm compared with 1.3% 
(7/556) of the nonasthmatic children without per¬ 
sistent wheeze (p < <1001, Fisher’s exact test). 

Children with current persistent wheeze had a 
significantly greater reported frequency of past 
episodes of acute bronchitis, pneumonia, and 
sinus trouble compared with children without cur¬ 
rent persistent wheeze (table 3). Moreover, chil¬ 
dren with persistent wheeze were significantly 
more likely to have been hospitalized in the past 
for a respiratory illness than children without cur¬ 
rent persistent wheeze (xf * 31.52, p < 0.001). 

Similarly, children with current persistent wheeze 
were more likely to report diseases considered to 
be atopic than children without this symptom 
(table 3). Asthma, hay fever, and eczema all were 
reported more frequently in the children with per¬ 
sistent wheeze. 

Analysis of the prospective respiratory illness 
surveillance for the index children showed that 
35% of all children experienced one or more lower 
respiratory illnesses in Year 1 and 22% of all chil¬ 
dren experienced such illnesses in Year 2 (table 4). 
Upper respiratory illnesses occurred in 36% of 
children in Year 1 and 21% of children in Year 2. 
Laryngotracheal illnesses were reported infre¬ 
quently, 4% in Year 1 and 2% in Year 2. 

For each year of the prospective surveillance, 
children for whom current persistent wheeze was 
reported at the initial interview experienced more 
lower respiratory illness than children without 
current persistent wheeze at the initial interview. 
The difference in the frequency of lower respira¬ 
tory illness for children with and without current 
persistent wheeze was 15.6% for Year 1 and 
21.9% for Year 2. In contrast, no significant dif- 


TABLE 3 


THE RELATION BETWEEN CURRENT PERSISTENT WHEEZE <PW) 
AND REPORTING OF RESPIRATORY ILLNESS AND ATOPIC DISEASE 



Children with 
PW (n * 60) 
<%) 

Children without 
PW (n = 569) 

<*A) 


p Value 
CA) 

Acute bronchitis 

19 pi .7) 

102 (17.9) 

5.74 

0.017 

Pneumonia 

15 (25.0) 

' 68(11.9) 

6.97 

0.008 

Sinus trouble 

7 (11.7) 

6 (1.1) 

— 

0.001 r 

Hospitalizations for 
respiratory illness 

18f (30.0) 

* 40 ( 7.0) 

3132 

0.001 

Asthma 

23 (38.3) 

13 ( 2.3) 

— 

0.001• 

Hay Fever 

4 ( 6.7) 

6 ( 1.1) 

— 

0.02* 

Eczema 

5 ( 8.3) 

40 ( 7.0) 

— 

NS* 


* Fisher's exact leal. 

1 For 13 of these IB subjects, a doctor's diagnosis of asthma was reported. 
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TABLE 4 


OCCURRENCE OF RESPIRATORY! ILLNESS DURING A 2-YR PROSPECTIVE FOLLOW UP OF THE 

INDEX CHILDREN—THE RELATIONSHIP TO CURRENT PERSISTENT WHEEZE 





Lower Respiratory 

Upper Respiratory 

Laryngotracheal 





Illness 

Illness 

Illness 



Total: 


% of children 

of children 

% ofichildren 



Number of 


with 1 or 

with one or 

with one or 



Children 


more episodes* 

more episodesti 

more episodes* 

Persistent 

yes 

39 


48.7 

41.0 

0.0 

Wheeze 

no 

350 

Year 1 

33.1 

Year 1 357 

Year 1 4.3 

Total 


389 


34.7 

36-2 

3.9 

Persistent 

yes 

38 


42.1 

21.1 

2.6 

Wheeze 

no 

342 

Year 2 

20.2 

Year 2 21.3 

Year 2 2 0 

Total 


380 


22.4 

. 21.3 

2.1 


* X* tor difference In number of low#r respirstdfy Illnesses for children with end without pe'Sivleniiwheeze: Year 1. y ,: « 5.10,' p< 0.10; 

Year 2, . 8.25, p - 0.004. 

* X 1 for difference in number of upper respiratory illnesses for children with end without persislenl wheeze. Ye*M,x r e 0 23, NS; Year 2, 
Xj - 0.20, NS. 

* x 1 for difference In number of laryngotracheal respiratory illnesses for children wittr and without persistent wheeze: Year 1, Fisher** 
exact'test, NS, Year 2, Fisher s exact test, NS. 


ferencc was found for upper respiratory illhess, 
when the difference in frequency was 6% for Year 
1 and 0,2% for Year 2. 

Demographic factors, which might have been 
responsible for the difference in occurrence of 
lower respiratory illness in subjects with current 
persistent wheeze, were investigated. There were 
no significant differences between children with 
and those without persistent wheeze for the fol¬ 
lowing variables: percentage of homes with gas 
heaters in the kitchen (33% versus 31%), reported 
history of prematurity (7% versus 7%), and densi¬ 
ty of persons per room (the mean for families of 
children with persistent wheeze was 1.0 person/ 
room versus 0.99 person/room for families of 
children without persistent wheeze. 

The relation between the reporting of current 
persistent wheeze and the children’s own smoking 
history is presented in table 5. Eight of 43 children 
with current persistent wheeze (18.6%) reported 


that they had ever smoked cigarettes compared 
with 50 of 376 children (33.3%) who did not 
report this symptom (P = NS). In contrasty pa¬ 
latal smoking habits were significantjs^related fe 
jfc og^jcrcnce of current persiarm 
^figure jjf. Current persistent wheeze occurred in 
ljl5% .(J/57) of chikiren'lfrom households In 
araich "both parents never fmoked cigarettes, in 
85% (10/146) of children from households with 
parent currently smoking, and inAl.8% 
^169) of children from household^ltfith^ 2 
ents currently smoking <xT. trend = 6.36, p * 
4fcQ12). Chronic cough and phlegm were less close- 
Jr related to parental smoking (figure 2) t butfol- 
lpred a trend ahnflar to that observed for current 
Jtrsistent wheeze. The percentages of children 
chronic cough and phlegm were 1.7%, 2.7%, 

13.4%, respectively, for the 3 parent-smoking 
hold groups (figure 2). When this analysis 
repeated using those households in which 



TABLE 5 

THE RELATION BETWEEN CURRENT PERSISTENT WHEEZE* AND 
CHILDREN'S PERSONAL SMOKING HISTORY 



Persistent Wheeze 

No Persistent Wheeze 

Total 




Number 

(%> 

Number 

(%) 

Number 

<V.) 

ro 

Ever Smoked 

a 

(18.6)t 

50 

(13.3) 

58 

(13.8) 

fc 

co 

Never Smoked 

35 

<B1.4) 

326 

(88T) 

361 

(86-2) 

Total 

43 

(100) 

378 

(100) 

419 

(100) 

CO 

* 17/60 (28.3%) ol children with cun-enl perslktent wheeze end 183/569(33.8%) of children without perils- 
tent wheeze did not answer the smoking questions. 

t X* * (p > 0-30) for the difference In the percentage Of smoking children with and without current 

persistent wheeze. 

GO 

CO 

R 

rs? 

00 
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RELATIONSHIP OF 

CURRENT PARENTAL SMOKING STATUS 
TO CHRONIC RESPIRATORY SYMPTOMS 



NUMBER OF CHILDREN 
X* for persisted wheere-636, P*0042 

X* far persistent wheeze trend *636* p=QOl2 


* 

s 

c 


5 


O 


5 

m 

o 

£ 


□ 


for cough and phlegm* 0.52, p077 


Fig. 2. Relation of current parental smoking status to 
chronic respiratory symptoms (persistent wheeze and 
cough and phlegm) in children. Both y 1 values are the 
same since the total x 1 accounted for by the trend 
analysis. 


§ reported no symptoms of wheeze, the 
is the same. Children from househofds 
, or 2 smoking parents had prevalences of 
t wheeze of 0% (0/43), 1.8% (2/114). 
78), respectively (*J. trend = 6J09, p ~ 
dialysis using households in which fathers 
4id not wheeze gave prevalences of 0% (0/45), 
X6/89), apd 13.5% (10/74), respectively (xf, 
Arend = 5.09^ p = 0.025). Finally, analysis using 
■»^fcholds^ in ihich neither parent reported 
Jpfttze dr chronic phlegm production, gave pKf- 
^Jences <0/30), X6%.^2/55), and 7S>% 

^/26)t respectively <xf. trend * 2.37, p > 0.2). 

Children who reported current persistent wheeze 
had a significantly lower mean FEF-Z score than 
children without this symptom (-0.400 versus 
0.060; table 6). After adjustment for the presence 
or absence of persistent wheeze, children with a 
present or past doctor's diagnosis of asthma had a 
lower mean FEF-Z score than children without 
such a diagnosis; however, the difference was not 
significant (table 6). 

The relation' of current persistent wheeze to the 
FEF-Z score also was examined by comparing the 
observed and expected prevalence of FEF-Z 
scores, which were 2 or more standard deviations 
below the population mean in children with and 
without this'symptom. Three per cent (11/352) of 
the children without current persistent wheeze had 
scores 2 or more units below the mean, which is 


not significantly different from the 2.3% pre¬ 
dicted' from the areas under a standard normal! 
curve (16). In contrast, 14.0% (6/43) of those 
children with current persistent wheeze had scores 
2 or more units below the mean (p < 0.01 by the 
1-sample binomial test). 

Of the 395 children who performed satisfactory 
FVC maneuvers, data for the smoking habits of 
both parents were available for 238 (60.3%). 


Children from households in which both parents 
wd never imoked cigarettes iiad a mein FEF-Z 
icore of 0.473, or a 0.522 standard deviation 
ter than the mean score of -0.049 observed 
i children from households in which both parents 
: current smokers (Z « 2.563, p * D.005 for 
one-sided test for significance of difference; 
t||le 7) . Children from households in which only 1 
rfjrent was a current cigarette smoker had a mean 
F-Z score that y^as 0.075, or a 0.398 standard 
tiation lower than -that observed for children 
1 2 nonsraolring parents (Z .=. 1.915, p - 0.028 
r the 1-sided test for significance of difference), 
difference between the mean score for chil- 
i^from households with 1 and 2 currently 
Dicing parents was not significant (Z * 0.850, 
0.198, one-sided test for significance of dif¬ 
ference). Analysis for linear trend revealed that 
ie progressive decline m the mean FEF-Z score 
" ‘ increasing parentaf tmokin^^as significant 
f,"trend - 5.709, p <D;T)2).' “*■ 


^Current smoking ^to.^ r i^^ther (p « 
&017)^and the presence of current persistent 
hAeeze (p -j0*(n|) were the most signidbfrit pre- 
tfetors of a child’s FEF-Z score (table 8). A doc¬ 
tor’s diagnosis of asthma, the child’s personal 
smoking history, and current smoking status of 
the father were not significant predictors of FEF- 


TABLE 6 

THE FEF-Z SCORES FOR CHILDREN WITH 
OR WITHOUT CURRENT PERSISTENT WHEEZE BY 
DOCTOR S DIAGNOSIS OF ASTHMA 



Mean 

FEF-Z Score 

NOmber 

Persistent wheeze 

-0.40CT 

43 

Asthma t 

-0.618 

15 

No asthma 

- 0.283 

28 

No persistent wheeze 

+ 0.060 

352 

Asthma 

-0.217 

4 

No asthma 

+ 0.065 

348 


For mean FEF-Z score, in methods. 

* Normal deviate for comparison of maan FEF Z acora for chll- 
dran with and without current persistent whMza = 2 85, p m 0.004. 

t Normal deviate for weignted average difference of mein FEF-Z 
acora between asthma and no asthma tn lha persistent wheeze 
and no persistent wheeze groups - 1.306. p « 0 192. 
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TABLE 7 

THE RELATION OF PARENTAL CIGARETTE SMOKING TO MEAN 
FEF-Z SCORES IN CHILDREN 5 TO 9 YR OF AGE 



Two Parents Who 
Never Smoked 

Two Parents, 
One of Whom is 
Current Smoker 

Two Parents, 
Both of. 
Whom are 
Current Smokers 

Mean FEF-Z score 

0.473* 

0.075 

— 0-049tt 

Number of Children 

33 

94 

111 

Number ol Siblings 

26 

67 

78 


* Not mat deviate lor tha difference betwaen mean FEF-Z acote lor the never smoking parent group and 
Ihe 2 parent smoking group: Z - 2^63, p - 0.005, 1-akied leal. Normal deviate lor the difference between 
mean FEF-Z score for the never smoking parent group and the 1*parent smoking gioup;Z « U91 S.p * 0.028;~'' 

1-sided test. 

* Normal deviate for the difference between mean FEF-Z score for 1-pe/ent smoking end 2-perents smok¬ 
ing groups: Z « O.BSO, p « 0.198. 

for trend In mean FEF-Z score for parent smoking groups « 5.709, p ■: 0.01 1 

ficantly lowered degrees of pulmonary function, 
as measured by FEF 3 

The excess frequency of respiratory illness in 
subjects with persistent wheeze confirmed several 
British studies (8 , 22, 23), which demonstrated 
that children with current chronic respiratory 
symptoms report a higher frequency of past lower 
respiratory illness than those children without 
chronic symptoms. The prospective respiratory 
illness surveillance conducted in the present study 
demonstrated that children with current persistent 
wheeze experienced a higher frequency of lower 
respiratory illness episodes than those children 
without persistent wheeze. This Finding made it 
unlikely that the relation between current persis¬ 
tent wheeze and the past history of lower respira¬ 
tory illness noted previously was due solely to 
ness, history of atopic disease, and current parries*} selective recall on the part of the parents of the 
Jfel cigarette smoking habit^^urthermore, this children with current persistent wheeze, 
symptom was found to be associated with signi- Although children with current persistent wheeze 


Z score. The total r* for the model was 0,08* An 
interaction variable (not shown in the table) for 
the mother’s and father’s current smoking also 
was not significant. Although lower respiratory 
illnesses were found to occur more frequently in 
children with persistent wheeze, this variable was 
not included in the regression model because of 
the relatively small number of persons with both 
persistent wheeze and such illnesses (table 4). 

Discussion 

The frequent reporting of current persistent wheeze 
observed in the present study was consistent with 
the finding of the Tuscon survey of a population 
of children and young teenagers (21). Our studf 
^Jlgj^pwedsign i ficant associations of pereisffpt 
fwfaeeze wnt&S history of acute lower respiratory ill- 


f ] TABLES 

if UNEAR REGRESSION MODEL FOR CHILDREN'S FEF-Z SCORE 


Variable 

Regression 

Coefficient" 

Standard 
Error of 
Regression 
Coefficient 

F Ratio 

p Value 

Intercept 

+ 0-231 

— 



Mother a current smoker 

-0-308 

0.128 

5.77 

0017 

Current persistent wheeze 

-0.412 

0227 

028 

0071 

Doctor diagnosis of asthma In child 

-0.420 

0266 

2.51 

0114 

Child's smoking history 

+ 0.028 

0019 

2.13 

0146 

Father a current smoker 

-0.046 

0.145 

0.10 

0750 



Total rf « 0.08 



* AH kx*tpena«ni variable* defined a* Ye* - 1. No - 0; total wbjtcls in Ihe analysts « 238. 


© 

w 

CO 

CO 

CO' 

CO 

F* 

CO 

© 
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reported a history of atopic diseases more fre¬ 
quently than nonwheezing children^ the degree to 
which'this wheezing syndrome represented true 
atopy or alternative mechanisms of abnormal air¬ 
way reactivity, was unknown, and could not be 
determined from this study. Burrows and associ¬ 
ates (24) found “wheezy bronchitis” to be associ¬ 
ated with the occurrence of hyperreactivity to a 
battery of 5 skin'test antigens. However, in gen¬ 
era! population surveys, a 'history of wheeze 
usually has been found to far exceed the reporting 
of a history of hay fever or asthma (21,24). More¬ 
over, recent investigations of airway reactivity to 
irritants whose effects are not thought to be 
related to an atopic mechanism (e.g., irritant 
gases at low concentration (25, 26), cold air (27), 
and viral illness (28-30)) suggested that alterna¬ 
tive, nonatopic mechanisms indeed may be in¬ 
volved in some wheezing syndromes. 

Several other investigations have demonstrated 
that chronic respiratory symptoms in children, in¬ 
cluding the occurrence of wheeze, are reported 
more frequently in the children of parents who 
smoke cigarettes (31-38), Several of these studies 
have observed that the prevalence of wheeze in 
children was higher for those children whose 
parents also wheeze (31 1 , 32, 39). However, the 
b£nd of increased wheezing with increasing 
fSrental smoking observed in our study children 

^ been shown to be independent of parental jjp- 
f of wheezing, since a significant trendfcf 
sgnil ar magnitude persists when the analysis is re¬ 
fected to nonwheezing parents of either iex. 

data suggested, therefore, that exposuxarfo 
parental cigarette smoke in our population* is 
related tc the o'rurTence of wheeze in children 
All of the children included in the present report 
were included' in a previous study that demon¬ 
strated an inverse relation between the degree of 
FEF„_ n * in children and the amount of parental 
smoking (19)i Although we have restricted the 
present analysis to the youngest children in the 
overall study population, the effects of parental 
smoking on pulmonary function were similar in 
magnitude to those obtained when children 19 yr 
of age or younger were included in the analyses, 
jtaus indicated that the effects of parental smoking 
could bemeasured early in life and wetf ioCin 
jpet* ‘substantially dependent upon'‘Significant 
^amoking by the children themselves. 

Regression analysis was used to identify how 
factors such as parental smoking, children's own 
smoking, and the occurrence of wheeze affected 
the FEF-Z scores. Although the r 1 for the overall 


model was small!(0.08); several interesting obser¬ 
vations emerged from this analysis. Despite the 
fact that the presence of persistent wheeze was 
associated with lower FEF-Z scores (table 6), thpy 
mother’s current smoking history was the mosf 
significant ovg&ll predictor of a lower FEF-Z 
*core (table $rThis observation was consistent 
with an earlier study in this community (using a 
different sample of children) that also demon¬ 
strated that the mother’s smoking history was a 
significant predictor of FEV,> expressed as a per 
cent of predicted value (40). Similarly, Hassclblad 
and colleagues (41), in a study of 16,686 white 
children 6 to 14 yr of age, observed that, after age, 
height, and sex, the mother’s current smoking 
(measured as packs per day) was the most signify 
cant predictor of the degree of FEV,.Although 
these observations stress the importance of the 
most recent smoking experience of the mothers, 
the possibility also remained that sacking dining 
gesudon and fhepeonatal period jjbfy also have 
contributed to altered lung function. No satisfac¬ 
tory data are available concerning this early age 
group. 

The failure to find that the father’s smoking 
was a significant predictor of the degree of func¬ 
tion in this and the other 2 studies cited would, at 
first glance, appear to contradict the observation 
of an inverse linear trend between the FEF-Z score 
and the number of parents smoking (19) (table 7). 

£ owever, most of the effect in the trend analysis 
u between the households in which neither par- 
t was a current smoker and households in which 
1 parent was a current smoker. Differences be¬ 
tween households where one and those where 
both parents smoked were less striking. Further 
analyses, particularly of the relation between rate 
of change of function with growth and parental 
smoking, are being undertaken to try to determine 
how these associations change with time. 

The finding that the child’s own smoking habits 
were not a significant predictor of the degree of 
function was in sharp contrast to previous work in 
this population in which these children were in¬ 
cluded (19). However, the prior Analysis included 
children as old as 19 yr of age, whereas this mnaly- 
was restricted to those 3 to 10 yr of age. The 
tmmber of smokers in this age was quite 

#mall (table 5). Furthermore, those children 
Ifid report having smoked, smoked infrequently, 
Usually less than 1 cigarette per week. Thus, for 
fhis age group, personal smoking did not occur 
ittten enough or with enough intensity tobe a sig¬ 
nificant predictor of FEF-Z score. 
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The fact that the regression analysis identified 
the mother’s smoking history as a stronger predic¬ 
tor of FEF-Z score than the symptom of persis¬ 
tent wheeze would suggest that the lower FEF-Z 
scores observed in the children of smoking parents 
was not simply a function of the fact that these 
children had a tendency to wheeze, and, there¬ 
fore, would be more likely to experience episodes 
of subclinical bronchoconstriction at the time 
they were asked to perform the FVC maneuvers. 
The identification of persistent wheeze as the sec¬ 
ond strongest predictor of FEF-Z scores was open 
to several interpretations because of the cross- 
sectional nature of the data. Thus, it was equally 
likely that the presence of wheeze identified a 
group of children for whom wheeze was an addi¬ 
tional marker for stable deficits in function 
and/or a group of children w ith transiently lowered 
degrees of function due to bronchomotor hyper¬ 
reactivity. 

A number of children had to be excluded from 
several of the analyses because of missing data. 
The possibility that these exclusions might have 
led to bias in the relation between persistent wheeze 
and the parental smoking and pulmonary func¬ 
tion variables was explored. Children who were 
excluded were significantly younger and were sig¬ 
nificantly less likely to have ever smoked ciga¬ 
rettes than those included in the various analyses, 
but were not significantly different in their re¬ 
ported prevalence of current persistent wheeze. 
Furthermore, these excluded children were similar 
to those included in the analyses with regard to a 
number of demographic variables including the 
parental smoking histories, which might have in¬ 
fluenced the reported relationships. Chus, jf 
4j|eins unlikely .that differences between eiukUm 
^dpjled and not included in thgjmalyses mid 
4ftRplam the observations reported? 

Existing data concerning the possible mecha¬ 
nisms by which passive exposure to cigarette smoke 
might lead to the occurrence of persistent wheez¬ 
ing are few^J 

(42). Similarly, tower respi¬ 
ratory illnesses might be influencing the occurrence 
of wheezing by either of these mechanisms (43). 


children with * hktoryof atopy, respiratory iU- 

e , and parental cigarette invoking 4a a tower 
ee of pulmonary ^mctkm in children fug¬ 
led that fa^smMiitgfe^ 

the.fdbsc^ttttlh)r W aeveJop- 
t obstructive airway disease in aduk tife. The 
prospective lest of this hypothesis remains the 


central goal of the study from which the present 
data have been derived. 
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SUMMARY: As part of a long-range, prospective study of the health 
effects of air pollution, approximately 8,000 children from 6 yrs 
to 10 yrs of age from 6 communities had questionnaires completed 
by their parents and had simple spirometry performed! in school. 
Comparisons were made between children living in homes with gas 
stoves and those living in homes with electric stoves. Children 
from households with gas stoves had a greater history of respiratory 
illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV1 and FVC corrected for 
height (average difference, 16 ml and 18 ml, respectively). These 
findings were not explained by differences in social class or by 
parental smoking habits. Measurements taken in the homes for 24—h 
periods showed that N02 levels were 4 to 7 times higher in homes 
with gas stoves than in homes with electric stoves. However, these 
24-h measurements were generally well below the current federal 
24-h outdoor standard of 100 ug/m3. Short-term peak exposures, 
which were in excess of 1,100 ug/m3, regularly occurred in kitchens. 
Further work will be required to determine the importance of these 
short-term peaks in explaining the effects noted. 
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SUMMARY_ 

Av pan of a long-range, prospective study of the health effects of air pollution, approximately 1,000 chil¬ 
dren from 6 yrs to 10 yrs of age from 6 communities had questionnaires completed by their parents and 
had simple spirometry performed in school. Comparisons were made between children living in homes 
with gas stoves and those living in homes with electric stoves. Children from households with gas stoves 
had a greater history of respiratory illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV, and FVC corrected for height (average difference, 16 ml and 
18 ml. respectively). These findings were not explained by differences in social class or by parental smok¬ 
ing habits. Measurements taken in the homes for 24-h periods showed that NO, levels were 4 to 7 times 
higher in homes with gas stoves than in homes with electric stoves. However, these 24-h measurements 
were generally well below ihccuncm fcdbtal 24-h outdoor standard of Uk)yg/m*. Short term peak expo¬ 
sures. which were in excess of 1,100 ^g/rn*. regularly occurred in kitchens, hurt her work will be required 
to determine the importance of these shoroternt peaks in explaining the effects noted. 


Introduction 

There is little doubt that NO, at high concentra¬ 
tion is associated with acute pulmonary edema 
and death. Silo filler's disease in which farmers 
are exposed to concentrations of NO, in excess of 
200 ppm (376,000 yg/nV) with a resultant occur¬ 
rence of acute pulmonary disease and occasionally 
death was described in the 1950s (I). Farmers sur¬ 
viving such exposures can develop pulmonary fi¬ 
brosis. 

(Afrtrnrd tn original form July 2. 1979 and m revised 
form October /d, 1979) 
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Recently, concern over the effects of indoor ex¬ 
posure to lesser concentrations of NO,, both re¬ 
peated short-term peak exposure and continuous 
low exposure, has kd to studies of children (2) 
and housewives (3) but with inconsistent results. 
Mclia and co-workers (2) from Great Britain re¬ 
ported higher rales or lower respiratory disease in 
school children living in households with gas 
cooking stoves than in those living in households 
with electric stoves. These differences in rates 
could not be explained by social class or differ¬ 
ences In household size. However, this study did 
not take into account the smoking habits of the 
parents of these children. Subsequently, Mclia 
and co-workers (4) found that households with 
gas cooking stoves had 7 times higher concentra¬ 
tions of NO, in the kitchen than did matched 
households with electric cooking devices. Similar 
studies in the United States found concentrations 


Japan, Honolulu, Hawaii and at American Thoracic 
Society Meeting, May 1979, Las Vegas, Nevada. 
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E. Spelter, M.D., Department of Physiology, Harvard 
School of Public Health, 66 < Huntington Ave., Boston, 
Man. 02115. 
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of NO, 4 times greater in kitchens of households 
with gas stoves than in those with electric stoves 
(5), The NO, appears to be produced by the oxi¬ 
dation of NO when natural gas as a fuel for cook* 
tng is burned in the atmosphere. The conversion is 
rapid, and the NO, spreads quickly throughout 
the house. In contrast to the Melia study of chil¬ 
dren (2)* a study of adult women living and work¬ 
ing in households with gas stoves compared with 
those living and working in households with elec¬ 
tric stoves did not show increased respiratory dis¬ 
ease rates (3). 

The results reported here were obtained as part 
of a long-range prospective study on the health ef¬ 
fects of exposure to ambient levels of pollutants 
resulting from the burning of fossil fuels. In this 
study, adults between the ages of 25 and 74, se¬ 
lected at random from 6 communities in the east¬ 
ern United States, arc seen every 3 years, and 
school children (initially seen in grades 1 and 2) 
arc seen annually. This report is based on the ini¬ 
tial measurements of pulmonary function and in^ 
formation on respiratory diseases obtained in the 
children only in the 6 cities and relates these mea¬ 
surements to the potential indoor exposure that 
these children have received. 

Methods 

Study design. A total of 9,280 children participated In 
the initial surveys. These children represented !2 sepa¬ 
rate cohorts from 6 cities. Two cities were surveyed for 3 
years, and a new group of first-grade school children 
was added each year. Thus, these cities provided 6 co¬ 
horts. Two cities were surveyed for 2 years giving 4 
more cohorts, and 2 cities were surveyed once. In all the 
cohorts, more than 95 % of the children eligible because 
of their school grade were studied. 

Information about the children*! exposure was ob¬ 
tained from a questionnaire, completed by their 
parents, on the type of home-cooking device and home¬ 
heating fuel, the presence or absence of air condition¬ 
ing, and the presence or absence of adult smokers living 
in the household, as well as requesting permission to 
perform lung function tests on the children in the 
schools. 

Forced expiratory measurements were performed 
using a water-rilled low-inertia recording spirometer. 
The children did not wear note clips and performed the 
laik in a sitting position, but with free movement possi¬ 
ble. Each child had a minimum of 5 and a maximum of 
8 attempts in an effort to obtain at least 3 acceptable 
iracingi. Forced vital capacity (FVC) and forced expira¬ 
tory volume ih 1 second (FEV.) were read from each 
tracing. Values were corrected to body temperature and 
pressure saturated with water vapor (btw) and sum¬ 
marized as the mean of the 3 best efforts that were 
within 170 ml of each other. Standing height in stock¬ 
inged feet and weight were recorded for each child. 


There were 8,866 children (95.5 % of the total seen) 
who were between 6 yrs and 10 yrs of age at the lime of 
their initial survey, but the sample was reduced to 8.120 
children by limiting the analyses to white children. 

For each child included in the study, the lung function 
predicted for his or her height was computed from a re¬ 
gression equation determined by using the children 
studied in the third year of follow-up from 2 of the 
cities. These children, who were gR within the 5 lo 95 
percentiles for their fcrighf corrected for age, were 
chosen for the standard as they provided sufficient 
numbers at each year of age between 6 yrs and 10 yrs 
(6). The difference between the observed lung function 
and the predicted value was obtained. These residuals 
were analyzed using standard analysts of variance 
techniques. 

The reported disease rates were analyzed using log- 
linear models. By this means it was possible to deter¬ 
mine significant interactions between disease, age, sex, 
cohort, city, and home variables. Adjusted rates were 
computed based on models that included the significant 
interactions (7). 

Information regarding the differences in air quality 
associated with different cooking devices was obtained 
by setting up indoor-outdoor monitors in selected 
households. These households were not necessarily the 
homes of children ih the study, but were selected to be 
representative of (he kinds of living patterns found in 
each community. The homes were sampled every sixth 
day for 24 h, and the same lime period in each city. May 
1977 through April 1978, was used in all analyses. Mea¬ 
surements were carried out by a household sampling 
unit, which was placed In an ‘•activity room,** a room 
specifically defined as not being the kitchen or bed¬ 
room. Mass respirable particulates (mass median diame¬ 
ter of 3.5 nm) were collected on milliporc filters (8), and 
NO, wai collected by a bubbler technique and measured 
by the EPA Reference Method, a modified sodium ar- 
senile method (9). 

The data on air pollution levels were first adjusted to 
take into account missing values using a linear mode! 
for day of observation and site. The influence of home 
variables was determined by analysis of variance, with 
appropriate adjustment of the residual degrees of free¬ 
dom. In one household, instantaneous peak levels of 
NO* were monitored in the kitchen within 3 feel of a gas 
stove using a chemiluminescence monitor and a continu¬ 
ous recording. 

ftMUttg 

Assessment of exposure to NOi. About half of the 
homes in all 6 cities had gas cooking stoves, and 
•bout half had electric cooking stoves. (SixAs of 
the homes used some other form of cooking de¬ 
vice, alone or In conjunction with gas and/or elec¬ 
tricity (1.9 or else the type of cooking device 
was not reported |4.1 8%|.) There were, however, 
considerable differences between cities (figure I). 
The distribution of the children by home cooking 
device ranged from a high of 82.2 8% gas cooking 
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Fig. 1. Percentage of homes with gas or electric stoves, by cities. 


stoves in St. Louis to a low of 4.6 in Kingston- 
Harriman (figure I). 

Although the number of homes where air qual¬ 
ity measurements were made is not large, ranging 
between 5 and 11 for different cities, the number 
of 24-h periods for which' matched indoor and 
outdoor data are available is several hundred (la- 
blc l). The homes were divided between gas and 
electric cooking devices, except for Kingston-Hur- 
ritnan where no homes with gas stoves were 
studied. The results show a gradient of NO, levels 
in homes with electric stoves that reflect outdoor 
sources of NO,. High concentrations in Water- 
town were presumed to be caused by the proxim¬ 
ity of homes, and therefore the monitors, to auto¬ 
mobile traffic. A substantial increase in NO, levels 
in homes with gas stoves, except for Steubenville, 
reflects the addition of indoor sources to the out¬ 
door level of NO,. These arc 24-h integrated aver¬ 
ages collected in an “activity room, 11 but not in 
the kitchen. In some cities the daily 24-h levels en¬ 
countered in some households with gas stoves ex¬ 
ceeded the federal standard for the annual average 
of the 24-h NO, levels (lOOjjg/m 1 ). Such levels for 
integrated 24-h values indicated that peak expo¬ 
sures must be substantially higher. This was con¬ 
firmed in 1 household in which instantaneous 
monitoring in the kitchen produced peak levels 
over 1,100 yg/m* for short periods of time when 
the oven was in use and peaks over SOOyg/m 1 
when a single gas burner was on (figure 2); 
Health data. Two sets of data on the children’s 


health were available: data on previous illnesses 
reported on questionnaires completed by parents, 
and data from the current pulmonary function 
tests. The responses to 3 questions about the pre¬ 
vious health of the children were analyzed'. The 
questions asked if there was u history of bronchi¬ 
tis diagnosed by a physician, a history of serious 
respiratory disease before age 2, und a history of a 
respiratory illness in the last year. 

Both the responses to these questions and the 
pulmonary function measurements were tested for 
their relationship to several household variables: 
type of cooking device, nature of fuel used for 
healing, presence of adult smokers, presence of 
air conditioning, and socio-economic status of the 
family. Socio-economic status included both oc¬ 
cupation and educational attainment of the 
parents. 

The 3 reported disease rates were analyzed by 
fitting log-linear models (7). Two of the variables, 
type of home-heating fuel and air conditioning, 
were not related to the disease rates. The social 
class, parental smoking, and type of cooking 
stove variables had differing effects on the 3 dis¬ 
eases when each home variable wax tested alone 
(table 2), As the risk factors themselves were Inter¬ 
related, cadi discare was evaluated In another log- 
linear analysis that included these 3 home vari¬ 
ables simultaneously: In this multivariate analysis, 
the effect of the type of cooking stove had a sig¬ 
nificant association with respiratory disease be¬ 
fore age 2, bui not with the other 2 reported di»- 
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TABLE 1 

INDOOAAND OUTDOOR 24 H LEVELS OF NO, IN 6 U.S CITIES 
_ (M AY 1977 TO APRIL 1976) 

Homo Geometric Mean Level of NO, 95 Percentile Measured Level of NO, 

Cooking 9nymT) 

Unlit - 

£ lec . Outdoor Indoor Outdoor Indoor 


Days trie Oas 


Cily 

l»0.) 

(no > 

(no) 

Etelrtc 

Gat 

Etectrlt 

Gat 

Electric 

Oat 

Electric 

Gat 

PoMtge* 

so 

1 

5 

T2 

0»>* 

59 

(t.ioi 

36 

<M3) 

147 

002) 

31.6 

254 

17.6 

394 

Topeka 

57 

6 

1 

174 

(1.25) 

16-2 

19.4 

(146) 

31.6 

424 

40.7 

41.6 

73.6 

Kingston- 

H immin 

M 

6 

- 

17.2 

H25| 

— 

10.9 

0.43) 

— 

364 

~ 

m 

- 

St Loulft 

56 

3 

e 

330 

n.i n 

37.3 

fl.HI 

17.1 

P01) 

40.6 

M.42) 

644 

709 

634 

794 

Stuubenvm# 

61 

2 

3 

357 

ooo) 

333 

(05) 

219 

(259) 

274 
(2 24) 

62.9 

174 

74.5 

1039 

Watertown 

59 

2 

5 

491 

P.42) 

49.2 

(1.10) 

41.43 

(1.14) 

544 

(Utl 

1016 

106.3 

954 

1164 


• o* YOmonm temple 

I r*o#*»t 2 * N tiendard • tOO ppm 1 . 

* Number W) ee*e*tt«e*e« »r* oeometrtc standard deviation*. 



eases (table 3). Parental 

'— 

Ms 

Disease rales adjusted Tor parental 
smoking, social class, and city-cohort resulted in a 
difference of 35/1.000 among males and 30/1,000 
among females between children in homes with 
dilfcre.nl cooking stoves. l.owct rales were found 
m children of households with electric stoves for 


each sca in each city-cohort adjusted for parenial 
smoking and social class (figure 3). The effects of 
parental smoking and city-cohort on respiratory 
disease before age 2 are not independent, but the 


effect of the type of cooking stove appeared to be 
related to the olher home variables. 

To assess the effect of home factors on pulmo¬ 
nary function in these children, the difference be¬ 
tween the expected and observed FVC and FEV, 
was calculated for each child. The effect of cohort 
(yr of study and city) and the same home variables 
on the residual pulmonary function were assessed 
by analysis of variance. Preliminary regression of 
lung function on socio-economic status showed 
no relationship. There was a significant effect (p 
< .01) of cohort on both FEV, and FVC. Thus, 
from city to city and from year to year there were 
differences in the height-adjusted pulmonary 


<>*t* Ov** *M 



fl%ll 

I «K 2 InM.intauciMis monitoring of NO, in the kitchen I meter from gas Move. Number* along ihe 
ah>viv\j rcptewni h\ in the day through I A.M. No venting wav uved 
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respiratory disease in children exposed to no, 


TABLE 2 

single factor ooo ratios ior) and «s% confidence limits <ci> 

FOR HOME VARIABLES AND REPORTED DISEASE RATES 






;SOCtElC*EM 


PsrantEl 

SmoRlng 


fHOM OooWftfl 


History of doctor* 




diagnosed bronchitis 

CL 

J6-1.0B 

*4-i*e 

.7*-0*1 

Serious respiratory 

OR 

1.13 

141 

1.12 

Illness Mora age 2 

CL 

1.01-17B 

1.12-1*7 

140-146 

Respiratory Illness In the 

OR 

1.13 

Ul 

0*4 

last year 

CL 

IDS-175 

1.02-1*9 

.48-1*5 




funciion levels In there children, after adjusting 
for city-cohort effect*. There were no significant 
association* between the presence of air condi¬ 
tioning in the home and lung function measure¬ 
ments (table 4). Although the association between 
parental smoking and FVC was significant at the 5 
to level, with an average range of 13 ml, the result 
was the opposite of that anticipated, and there 
was no association between FEV» and parental 
smoking. Home heating and FEVi residuals were 
also significantly associated at the 3 to level. The 
over-all means covered a 28-ml range and the or¬ 
dering from low to high was oil, gas, electric. 

Although FEV, residuals were affected by 
home heating fuels, the most consistent and sig¬ 
nificant finding was the lower levels of both FVC 
and FEV, in children whose homes had gas cook¬ 
ing stoves compared with those whose homes had 
electric stoves. The over-all effect of home cook¬ 
ing, after correcting for cohort effect, was 16 ml 
and 18 ml!, respectively, for FEV, and FVC. This 
effect is apparent in almost alt the cohorts. For 
FEV, in to of 12 cohorts, the children in homes 
with gas stoves had lower funciion than children 
in homes with electric stoves (figure 4). For FVC, 
only 1 of the cohorts (St. Louis, first year), did 
not show lower levels of pulmonary function in 
children liv ing iiv homes w iih gas stoves compared 
with those living in homes with electric stoves 
(figutc 4). An unexpected finding in these data 


was the low tevd of pulmonary function measured 
in Topeka, which is a city with generally lower 
level* of ambient pollution. In an attempt to 
investigate this finding, we tested the effect of dif¬ 
ferent interviewers, we reread the spirometer trac¬ 
ings to test the effect of readers, and we compared 
the values obtained on each spirometer by month 
of study to test the possibility of a defective ma¬ 
chine. None of these tests explained the lower pub 
mo nary function values. In addition, the distribu¬ 
tion of height for age of the children in Topeka 
did not differ significantly from the other cities. 
We were thus left with the observation that the 
pulmonary funciion measurements in the children 
in Topeka were lower than in other cities and 
must assume that it was a cohort effect needing 
further study. 


Dlacuaalon 

The significant associations found in this analysis 
were between home cooking stoves and both ill¬ 
ness history and lung funciion. fewddHkm^sfccrg? 
-^^yUto c i ^ n between panStafsiivokmg aif* 
disease history: The Importance of these findings 
rests with the interpretations of these significant, 
albeit relatively small, changes. Sufficiently large 
groups arc being studied to observe minor dif¬ 
ferences between them. The si/c of the difference* 
found was con si vt cut with the anticipated tnagni- 


TABLE 3 

values of g»* for specified disease rates for each home variable 

AFTER ADJUSTING FOR THE OTHER TWO HOME VARIABLES 

Social Class Parental Smoking Mom* Cooking 


G* 

P 

O' 

P 

G' 

P 

0 70 

NS 

1.10 

NS 

1.90 

NS 

4.12 

<05 

10.21 

<01 

6.70 

<-01 

2.12 

NS 

4.38 

<05 

0.14 

NS 


History or doctor-diagnosed bronchitis 0 70 NS 1.10 NS t.90 NS 
Serious respiratory “Inoes before age 2 4.12 < 03 10.21 < 01 6.70 < 01 

Respiratory illness in the last year 2.12 NS 4.38 < 05 0.14 NS 

* G* it«iikthhood ttaninc dtnvrt from iha logtinaar analyses and is 0 '.mtxrieO. if> each csss. Ms a cht 

**lh oi rtreJ.im 
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Fig. 3. Respiratory illness bcfort age 2 standardised ft* parental smoking and social class by cohorts In 
children 6 to 10 yrt old. Main and females separately by cohort and gas or eiecirk stoves. 


tudc of effect of environmental agents (II), and 
the home measurements of air quality are suppor* 

• ivc. 

The evidence that homes with gas cooking 
stoves have higher levels of NO* than similar 
homes with electric stoves has been demonstrated 
a number of times (4* 5h and peak levels mea¬ 
sured over gas stoves have on occasion been re¬ 


ported to reach approximately I ppm (1,880 
Hg/m’) for periods of 10 to 13 min. This was con¬ 
firmed in 1 household during continuous moni¬ 
toring. Similarly we know from both our own in¬ 
vestigation and from the studies of Hinds and 
associates (121 that the mass respirable particulate 
loads in households wiih \mokcrs can be several- 
fold higher than in nonsmoking households. 
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TABLE 4 


analysis of variance of children s luno FUNCTION FOR home VARIABLES 
(CITY-COHORT ADJUSTED)* 


Horn# Variable 

Children 

(no.) 


Lung Function RealduaU 


FEV, 

ftireii 

F Ratio 

FVC 

Wt*D 

F Ratio 

Coo*0 r>Q *uat 

e.ao3 


— 

— 

— 

0*» 

3,274 

-.008 

Silt 

- .009 

7 041 

electric 

3,329 

4.008 


4.000 


Horn# fual 

8.734 





on 

1.410 

- .ott 

J.M' 

-.003 


0*» 

4,432 

4.001 

-.003 

0 76 

electric 

883 

4.017 


4.01C 


Air condlllonlng 

7.128 

— 


— 


non# 

2.633 

-.001 


- 002 


partial 

2.383 

4.003 

061 

4 008 

1.22 

central 

1,908 

-.003 


-.004 


Parental amoMng 

5.842 

— 


— 


non© 

1.724 

-.001 

.03 

- on 

6 26) 

aom« 

4.118 

4.00C 


♦ 004 


* \+t\4oi dt'mtlion o< d)M*mnt conoUi laigett coho*l Non** v*n*b** o«»* F ratio ot 

1 3. rvot kiQr>Fitc#nl 

I p * 01 
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Fig. 4. Forced expiratory volume In I » and forced vital 
capacity residuals by cohort and gai and electric Hove* In 
children 6 to 10 vn oW. tNumbcri under the FEV, valuer 
are the same for FVC values.) 

Other factors affecting the association between 
the disease and either the presence of gas stoves or 
smoking in the household seem to hove been ex¬ 
cluded (c.g., socio-economic status, presence of 
air conditioning, and the type of healing fuel). 

In considering the importance of these findings, 
a number of potential sources of bias must be 
evaluated. The questionnaire information on 
disease rales for nn individual child depends on 
the recall ability of the parenls, and it may be 
biased by the present status of the child. The 
responses also may be biased by the parents’ lack 
of knowledge. No attempt was made to have doc¬ 
tor confirmation of diagnosed disease confirmed 
independently. It seems unlikely, however, that 
any biases introduced by these means would be 
related lo the type of home cooking stove consis¬ 
tently lot each city and each cohort. 

The gtHHl response tale, ami the var ying plan 
that cnsuics that all potentially available children 
are seen means that the samples arc representative 
of I lie cities. 

The pulmonary function data arc potcntiully 
subject to different: sources of bias than the ques¬ 
tionnaire data. These include possible interviewer 
bias, malfunctioning machine, and biased reading 
of ihc spirometer tracing. All these sources of bias 
have Ikcji looked lot am! have not been found. In 


any case, neither the field screcnm nor the 
readers were aware of Ihc individual child's home 
environment when the spirometry was performed 
or when the tracings were read. Thus, we cannot 
attribute any bias to association with home vari¬ 
ables. 

Essentially, the interpretation of the pulmonary 
function finding relates to the sensitivity of the 
measurement and the biologic expectation of the 
magnitude of anticipated effect in a group of chil¬ 
dren between 6 yrs and 10 yn of age. Wc used 
FEV, as a measure of air flow obstruction in these 
children, not because wc believed it to be the best 
measure of early obstruction, but because our 
plan Is lo follow these children over several years. 
After several yean they will be at a point at which 
a stable estimate of change in pulmonary function 
can be related to our understanding of the devel¬ 
opment of adult obstructive airways disease. In 
these children, many of whom can empty their en¬ 
tire FVC in less than 2 s, the FEV, docs not mea¬ 
sure obstruction as much as it measures FVC. 
Thus, It is reassuring to find similar changes in 
both measures when trying to understand the sig¬ 
nificance of any given findihg. 

Our understanding of the bk>k>gy of lung 
growth and the nature of the onset of obstructive 
lung disease in adult life lead us to believe ihai 
only minor difference In the rale of functioning 
lung growth in young children could lead lo these 
children not reaching their full adult lung size.. 
(Wc arc using FVC av a crude indicator of lung 
size recognizing that the TLC includes not only 
FVC but also l he residual volume, which is not be¬ 
ing measured in these field studies.) We do not 
know whether failure to reach full adult lung si/c 
is related lo the subsequent susceptibility of dcsel¬ 
oping obstructive lung disease, but ii is not an 
untenable hypothesis that those persons with 
minor impairment of total lung growth arc more 
susceptible to rapid decline in pulmonary funenon 
in adult life (13). 

These results differed from those reported in 
the literature to date only in modest ways. The 
findings of Melia ami uvworkers (?) regatdmg 
lower respiratory tract illness rates in children 
whose homes have gas stoves were similar. I hat 
study was criticized because it did not have smok¬ 
ing data. In this study the adjustment of rates of 
illness before age 2 for smoking led lo a clear 
association with gu\ cooking devices; however, 
the adjustment of the other 2 historical disease in¬ 
dicators reduced the associations found. The 
study of Keller and associates (14) of both adults 
mid children in n selected sample of households 
suggest no tisa*ciution of gits Moves with respira- 
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lory disease rales. This study measured incidence 
of acute respiratory disease over the course of 1 
year; hut the number of children studied was quite 
small and clearly did not represent a genera! popu¬ 
lation Bouhuvs and co-workers (15) did study 
popular ion* based samples of children and adulrs, 
but out of the 7,000 persons studied only 165 
children between the ages of 7 yrs and 14 yrs were 
included from the 2 communities under investiga¬ 
tion (16). Thus, the fact that they were unable to 
find an association with home cooking devices 
may be attributed to the small number studied. 

Tager and associates (17), using a different indi¬ 
cator of airways obstruction (mid-maximum ex¬ 
piratory flow). found an association between the 
pulmonary function levels in children and the 
number of smokers- in the household. No such 
association using Il liV, was found in this study. 
This may mean that the airways obstruction 
measurement was insensitive. 

Further follow-up of these cohorts arc under¬ 
way. Because these data deal with retrospective in¬ 
formation, the initial findings reported here need 
replication to ensure that some subtle bias or 
alter name explanation for the findings has not 
been overlooked. If the relative position of these 
children's lung sizes changes on repealed assess¬ 
ment. it will he important to assess the factors that 
influence the change. These factors may include 
changes in ambient pollution (outdoor levels) or 
changes in personal pollution (indoor exposures 
and cigarette smoking). In addition, other per¬ 
sonal factors such as frequency of respiratory in¬ 
fections, familial history of disease, or other 
recognized potential risk factors for developing 
chronic obstructive respiratory disease not dis¬ 
cussed in this report w ill need to be considered. 
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Hasselblad, V., Humble, C.G., Graham, G., Anderson, H.S. "Indoor 
Environmental Determinants of Lung Function in Children" Amer Rev 
Resp Disease 123: 479-485, 1981. 

SUMMARY: Using pulmonary function and family respiratory 
questionnaire data for 16,689 white children 8 to 13 yr of age 
from 7 geographic areas, the investigators examined the effect of 
several environmental and other factors on performance in a standard 
test of breathing. As expected, FEV.75 was correlated most strongly 
with age, height, and sex. A dose-response relationship was 
observed with maternal smoking habits and explained 0.1% of the 
variance. No effect caused by the father's smoking habits was 
observed. A decrease (p = 0.0524) in FEV among older girls was 
associated with the presence of a gas cooking stove in the home. 
Although the statistical significance of the decreases was largely 
attributable to the size of the sample, the decreases in FEV, even 
though small, were thought to be biologically significant. 
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VICTOR HASSELBLAD, CHARLES G. HUMBLE, MORGAN G. GRAHAM and HELEN S, ANDERSON 


Introduction 

Lung function in children hax been re¬ 
lated to both genetic and environmen¬ 
tal factors. Genetic factors exert the 
greatest influence through general stat¬ 
ure, as measured by height and by age. 
Environmental exposures include both 
those ambient in origin and those at¬ 
tributable to indoor sources such as 
smokers and gas stoves. This report 
discusses the association of indoor en¬ 
vironmental pdlutants and children's 
lung function. 

It is wet! known that familial factors 
arc important, predictors of respiratory 
disease (1-6). Investigators have ob¬ 
served an excess prevalence of chronic 
bronchitis in relatives of persons with 
bronchitis when compared with rela¬ 
tives of persons without bronchitis 
(1-3). More recent studies have noted 
the household clustering of bronchitis 
and described its genetic component 
( 4 - 6 ). 

Genes, however, are only one thine 
that a family has in common; a large 
amount of time spent breathing a com¬ 
mon atmosphere is another. Estimates 
vary, hut;children living in u temperate 
zone arc thought to spend 60 to 80 p « of 
their time indoors on an average school 
day (7). Thus the presence of known 
sources of pollution (e.g.. smokers and 
gas stoves) inside the home where re¬ 
duced ventilation can lead to pollutant 
build up may expose children to poten¬ 
tially harmful! environments. 

The impact of smoking on indoor at¬ 
mospheres has been demonstrated nu¬ 
merous times (7-9). For example, 
under average indoor conditions, con¬ 
centrations of particles in the respirable 
range «3.5 microns in diameter) can 
exceed the National Ambient Air Qual¬ 
ity Standard for total suspended partic¬ 
ulates (all particles <30 microns in 
diameter) (9). 

So era! studies have reported that 
exposure of infants to side-stream 
smoke from parental smoking increases 
the risk of an attack of pneumonia or 
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bronchitis (10-12), but this assodatiofT 
was not observed in children 1 to 5 yr 
of age. Speizer and co-workers (13) 
found an association between parental 
smoking and a history of respiratory 
disease in children younger than 2 yr of 
age. Colley (14) reported that the prev¬ 
alence of cough in children 6 to 14 yr of 
age was associated with their parents’ 
smoking habits and that the prevalence 
was highest when both parents smoked 
and lowest when neither parent smoked. 

The literature regarding effects of 
passive smoking on lung function is 
limited: Lceder and associates (15) ob¬ 
served no influence of parental smok¬ 
ing habits on peak expiratory flow 
rates of children 0 to 5 yr of age, even 
though parental smoking was asso¬ 
ciated with the incidence of bronchitis 
in the first year of life. In the same 
cohort, bronchitis in the first year of 
life was associated with decreased ex¬ 
piratory flow rates. By contrast. Taper 
and colleagues (16) recently reported 
that children 5 to 19 yr of age showed 
patterns of decline in forced expiratory 
flow during the middle half of the FVC 
(FEFjj.nO that were indicative of a 
dose-response relationship with paren¬ 
tal smoking. However, no association 
of parental smoking with respiratory 
illhess was observed in these children. 

In addition to passive smoking, the 
health significance of the gas-fueled 
stove is also becoming apparent. Nu¬ 
merous studies have demonstrated that 
gas stoves contribute significantly to 
indoor nitrogen dioxivie concentrations 


(17-21). Although experiments involving 
animals have suggested an association 
between nitrogen dioxide and respiratory 
infections (22-24), the epidemiologic 
evidence does not disclose a consistent 
relationship between NO* exposure 
from gas stoves and health effects. Mc- 
lia and co-workers (25) conducted a 
longitudinal study examining the rela¬ 
tionship of cooking fuel and respira¬ 
tory disease in children. They concluded 
that giris from homes using gas for 
cooking reported more respiratory 
symptoms or diseases than were re¬ 
ported by girls from homes where elec¬ 
tricity was used. Speizer and co-workers 
(13) found children 6 10 10 yr of age in 
homes equipped with a gas stove to 
have significantly lower FEV, and 
FVC values and to have a greater his¬ 
tory of respiratory illness before 2 yr of 
age, when compared with children of 
the same age in homes with electric 
stoves. By contrast, Keller and col¬ 
leagues (26) compared gas and electric 
cohorts of school-age children. The 
data revealed no differences in reported 
incidence of respiratory illnesses, the 
frequency of symptoms, or the fre- 


(Mfrrtvrcf in original form Junr IS. 1980 and in 
rrviscd form January 14, 1981) 
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* From the Health Effects Research Labora¬ 
tory, Lr.S. Environmental Protection Agency. 
Research Triange Park, North Carolina 27711. 

1 Requests foi reprints should be addressed Io 
Dr. Victor Havelblad. Ml>35; HERE, USEPA. 
Research Triangle Park, NC 27711 . 
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\ r Qucncy of positive rcspiraiory’findings 
on physical examination.; ^: 

Methods 

The data for this study were collected be¬ 
tween 1970 and 1973 as part of the Environ¬ 
mental Protection Agency’s Community 
Health Environmental Surveillance System 
(27Y. We were careful to select for this 
report only data that were comparable with 
those in the existing epidemiologic litera¬ 
ture. Potential methodological problems, in 
the data arc discussed where needed. 

Community select it» f. Communities were 
chosen from 7 metropolitan areas in differ¬ 
ent geographical regions of the continental 
United States (table 1). Ambient air pollu¬ 
tion measurements were obtained from 
1971 to 1973. which provided data for total 
suspended particulates, respirable suspended 
particulates, and the water-soluble sulfate 
fraction of the total suspended particulates. 
Monitoring of indoor atmosphere was not a 
part of this program, but relative exposures 


to NO;/ total suspended particulates and .. 
respirable suspended particulates can be in/ 
ferred from the presence or absence of gas 
stoves (19-21. 26) or smokers (7. 28. 29) in 
the house. *'■ 

Quest ion noire administration „ Within each 
community, children in the elementary 
schools (5 to 13 yr of age) were enrolled lia¬ 
ble 1). A family health questionnaire, based 
on the British Medical Research Council’s 
Chronic Bronchitis questionnaire, was dis¬ 
tributed via the youngest child from each 
family. From this questionnaire, current 
parental smoking habits, family socioeco¬ 
nomic status, and other information were 
obtained (27). Where possible the mother 
or female guardian was asked to complete 
the form and return it to the school for col¬ 
lection. In alt areas except Utah, questions 
regarding the nature of cooking and heating 
in the home were asked. For the children re¬ 
cruited, data on personal $h asking habits 
and respiratory illness histories (other than 
asthma) were not collected. 

Questionnaire distribution covered a 2-yr 


* period with pulmonary function testing tak¬ 
ing place during the 1972-1973 school year. 
The questionnaire data was at limes col¬ 
lected in advance of the testing (for exact 
distribution dales, sec table 1). tn New Jer¬ 
sey, for example, questionnaires were dis¬ 
tributed between 15 and 24 months prior to 
pulmonary function testing. Parental coop¬ 
eration* averaged over all areas, was ap¬ 
proximately 85^. 

Pulmonary Function Testing Pulmonary 
function testing was performed in the 
schools with a 12-L bellows,type spirometer 
manufactured by Cardiopulmonary Instru¬ 
ments, Inc. (Houston, Texas). In this in¬ 
strument, expired air displaces a cylinder 
whose air seal Is a pliable rolling dia¬ 
phragm. The mechanical displacement of 
the piston over 0.75 s was transduced to a 
voltage that was displayed as FEVo.tj (forced 
expiratory volume In 0,75 seconds) on a 
nixie-tube digital readout. 

The study design allowed for only EEVn ?* 
measurements to be obtained: Using the 
digital display of the FEV 0.75 precluded the 


TABLE 1 

SAMPLE SIZES. DATES, AND EXCLUSIONS BY COMMUNITY 


Number with 


Community 

Original 

Number 

Surveyed 

Number 

Normhite 

^ , i Number - , 

* Asthmatics 

' Number with 
‘ <2 Tests* 

Number with 

No Background 
information 

Complete 
Information on 
Both Parents 

Dates of 
Background 
Questionnaire 

Charlotte NC 

Sector 2 

2,605 

1.066 

77 

504 

332 

556 

10/72-12/72 

Sector 3 

2,524 

954 

82 

569 

402 

441 

10/72-12/72 

Sac to* 4 

Z301 

754 

55 

522 

92 

771 

10/72-12/72 

Birmingham AL 
•nglenook 

1.270 

189 

72 

369 

121 

458 

10/72-12/72 

Norwood 

2.062 

1479 

13 

, -V ■ - 87 

30 

44 

10/72-12/72 

Zion City 

1.008 

221 

5ft 

282 

148 

279 

10/72-12/72 

Center Point 

1.994 

225 

75 

44ft 

80 

1,118 

yom-nm 

Homawood 

1,412 

155 

89 

341 

33 

895 

10/72-12/72 

Hueytown 

1.722 

285 

no 

403 

61 

7V6 

10/72-12/72 

Riverhead NY 

1.402 

496 

35 

322 

187 

3T9 

5/72 

Queans NY 

1.272 

103 

41 

531 

157 

4 VI 

5/72 

Bronx NY 

1.324 

309 

34 

410 

204 

318 

5/72 

Sheepshead Bay NY 

1.003 

124 

32 

305 

125 

361 

5/72 

Ridgewood NJ 

1.434 

58 

41 

473 

282 

554 

6/71 

Fair Lawn NJ 

1.270 

27 

40 

419 

210 

549 

6/71 

Matawan NJ 

1;385 

35 

5V 

439 

259 

582 

6/71 

Elizabeth NJ 

1.372 

176 

DO 

450 

181 

464 

C/71 

Ogden u7 

1.259 

120 

42 

360 

440 

239 

12/70 

Sail Lake City UT 

1.971 

340 

57 

642 

460 

377 

12/70 

Kearns UT 

2.007 

167 

73 

734 

505 

485 

12/70 

Magna UT 

2.052 

244 

69 

576 

476 

619 

12/70 

Chattanooga TN 

Red Bank 

1.878 

10 

65 

504 

607 

551 

H 72-3/72 

Brainerd 

2.146 

666 

65 

469 

425 

432 

1/72-3/72 

Harrison 

2.125 

206 

61 

622 

618 

571 

1/72-3/7? 

Vista CA 

2.479 

573 

138 

512 

434 

736 

12/71-3/72 

Santa Monica CA 

2^95 

587 

138 

498 

412 

472 

12/71-3/72 

Anaheim CA 

2,555 

271 

180 

663 

691 

726 

12/71-3/72 

Glendora CA 

2.245 

125 

160 

540 

496 

865 

12/71-3/7? 

Thousand Oaks CA 

1.902 

106 

131 

535 

374 

712 

4/72-5/7? 

Garden Grove CA 

2.180 

284 

136 

654 

409 

593 

4/72-5/7? 

Covina CA 

2.414 

378 

151 

666 

501 

605 

U7J-H71 

Total 

56,868 

11.153 

2.379 

14.964 

9.652 

16.689 



* toctuOM t*o»« or thOM prevent with cough, com. o* %o»m throat, twte* or mo*« 
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forrcction or each reading Tor submaximal 
effort at the beginning of a test. The values 
reported here are actually for FEV of less 
than 0;75 s. The average amount of time 
less than 0.75 s and the reduct ion of air vol¬ 
ume associated with it were unobtainable 
from our data. 

The cardiopulmonary instrument was 
calibrated before testing each dfcy against 
both a Collins water-filled spirometer and a 
1.5-L syringe. .Several limes each testing day 
the linearity of the digital readout was 
checked; To counter potential technician 
differences, an average of alt blows from 
more than one period was taken. All raw 
FEV©.?) readings were converted to body 
temperature and pressure-saturated comlb 
lions (arm). Different technicians and ma¬ 
chines were used in each metropolitan area. 

Pulmonary function testing was con¬ 
ducted seasonally during the school year for 
a different number of years in each area 
(table 1). To control for possible annual 
differences in testing procedures, only tests 
from the 1972-1973 school year have been 
used in the following analyses. Three rounds 
of tests were conducted that year: fall 1972, 
winter and spring 1973. Just before testing, 
the children received an introduction and 
test demonstration that emphasized maxi¬ 
mal inspiration firsts then expiration, as 
forceful and complete as possible. into the 
spirometer. Each child was tested until 3 ac¬ 
ceptable FEV measurements were obtained; 
The maximum of each child's 3 readings 
was used in the data analysis. At the time of 
testing, each.child reported the presence or 
absence of a cough, cold, or sore throat. 

Each technician was responsible for se¬ 
lecting an acceptable test. To check techni¬ 
cian selection accuracy, an average was 
taken of each technician's 3 (acceptable) re¬ 
corded FEV values. All means obtained for 
each day of testing were averaged for every 
technician. The technician supervisor was 
to correct any technician, who consistently 
produced a mean score that differed from 
the mean scores of other technicians. 

Satnpl i* seUxiittti. The original file con¬ 
tained 56.864 children who participated at 
any time in the 1972-1973 school year (table 
1). To avoid possible confounding by race 
(28), analyses were restricted to the 45.711 
white children. Any child reported to have 
ever had asthma was excluded. Only children 
free of respiratory symptoms in at least 2 
lest periods were included. This left 28,366 
children eligible for analysis. 

In order to investigate the association of 
parent-reported socioeconomic and expo¬ 
sure information with FEV values, it was 
necessary first to link the parents’ guest ion- 
naire information lo thc data from ihc chil¬ 
dren’s pulmonary function tests. This proved 
to be difficult. Although there were problems 
with record' keeping, most of the difficulty 
was attributable to the interval between 
questionnaire distribution and pulmonary 
function testing. As a result of this interval, 
linkage was not possible-for those eligible 


at 


who had moved out of study communities 
(after questionnaire distributlbn but before 
testing) and those eligible who had advanced 
to arvage that disqualified them from par- 
lidpi|>ng. The average linkage achieved for 
all airas was approximately 65^, which re¬ 
duced the sample to 18,716, The sample 
was further reduced by restricting the analy¬ 
sis to students for whom smoking informa¬ 
tion on both parents was available. The 
final sample total; then, included 12.748 
families with 16,689 white, symptom-free 
children tested in at least 2 of the 3 test 
periods and for whom questionnaire Infor¬ 
mation was available on both parent!. 

Anafytk'ol methods. FEV was anolyrcd 
using a linear model. The model induded 
terms for height, age, sex, community of 
residence, educational attainment of head 
of household, season of missing FEV, and 
smoking status of parents. In particular, for 
child *i M In family “J" the model was 

FEVj) * Bi height! + Bj aget + Bj, 

. sexi + B« commj + B> 
cduq + B* season* + B? 
smokey + q + 4 

where commj represented a term (dummy 
variable) for the residence of the family; 
smoke}, a term for the smoking status of 
each parent; cduq; a term for educational 
attainment of the head of household; sea¬ 
son,, a term for possible season of testing 
missed; cj represented the variation of IT:V 
from family to family, nnd dt represented 
the variation of EEV within a family. The 
dummies were constrained so that the de¬ 
sign matrix was nonsingular. 

The above model was equivalent to stair 
ing that the EEV values could He analyzed 
using analysis of covariance. Age and height 
were the covaiiates, and sc\, cumnnmiiy, 
education, season, and parents* smoking 
liabiiv were the main effects. Because the 


design was an unbalanced one, the analysis 
had to be done using a linear model pro¬ 
gram. The model as stated required the In¬ 
version of a 75 by 75 matrix. Interaction 
terms were not included because the main 
effects were relatively small, and the inter¬ 
action terms would have greatly increased 
the computational difficulties. 

The error sum of iquares were split into 2 
portions: a between-family variation and a 
wilhin-fomily variation. The tests of signifi¬ 
cance were made using the bet ween-family 
variation. Because the design was not bal¬ 
anced, these tests were not exact. However, 
since the majority of families had only one 
child tested, the tests were approximately 
correct.,. 

Additional analyses were restricted to 
those families who answered questions on 
the presence of a gas stove in the home. 
Both the effect of maternal smoking and 
the presence of a gas stove were estimated 
separately for boys and girls younger than 9 
and those between 9 and 13 >r of ate. 

Raaulti 

The results of the Initial analysis of the 
FEVo. 7 ? data are shown in table 2. The 
factors Included in the model explain 
79Vi of the total variation, with age 
nnd height alone accounting for l}A 9 k 
of the variation. The relationship of 
FEVo?y with both age and height was 
almost linear over the range of ages 
and heights observed. The relation¬ 
ships were almost identical to those 
found by l lamill! (29) in his study of 
vital capacities in children 6 to II yr of 
age. A fairly constant sex difference 
was observed,with boys showing aver¬ 
age values 91 ml larger for the same age 


TABLE 2 

ANALYSIS OF COVARIANCE FOR CHILDREN WITH 
BACKGROUND INFORMATION ON BOTH PARENTS 


Degrees of Partial Sum* Approximate Approximate 


Factor 

Freedom 

of Squares 

Mean Squete 

F* 

p value 

Age-hoightsex adjustments 5 

2.019.16 

403 8323 

19.84396 

<0 0001 

Community 

30 

22.27 

0.9422 

25 53 

<0 0001 

Education 

2 

005 

0.0265 

0.72 

0 4868 

Season mlsslhg 

3 

0.15 

00509 

1.38 

02500 

Parents smoking 

35 

268 

0.0765 

207 

<0 0001 

interaction 

25 

1.35 

00542 

1.49 

00520 

Fathers 

5 

.01 

0.0014 

004 

0 9991 

Mothers 

5 

1.33 

0.2655 

7.20 

< 0 0001 

Packs (mother) 

1 

1.21 

1.2131 

32 88 

< 0 0001 

Other 

4 

0.12 

0.0286 

078 

0 5058 

Error (total) 

16.613 

567.17 

0.0341, 



Between family 

12.740 

47044 

0.0369 

1i48 

<00001 

Wtthln family 

3.865 

97.73 

0.0250 



Multiple R* - 0.78978 






Pfmllcbon equations; 






Boys FEV PI - 2.274 ♦ 

0 0231 age (yr) ♦ 

0 0267 height (cm.) 



GUIs FEV,.,, - 2.239 ♦ 0 0248 ago (yr> 4 

0 0261 helghl (cm.) 




Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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and height. The prediction equal ions 
for boys and girls arc given in table 2. 

Pulmonary function test results have 
been shown to vary seasonally (30, 31). 
Therefore, since each child was required 
lo be in the analysis only 2 of the 3 sea* 
sons, additional terms were added to 
adjust' for missing seasons. This result 
was not statistically significant, al¬ 
though children who were tested all 3 
seasons tended to have higher FEV val¬ 
ues than those who missed a season. 

Using educational attainment of head 
of household and density of people per 
^room alternatively as indexes of socio- 
«econornic status did not affect FEV 
valuta. Socioeconomic variation^ sis 
measured by iliese factors, did hot ap¬ 
pear important. 

The variation between families was 
about 50% greater than the variation 
within families. This showed clear evi¬ 
dence of familial aggregation^ The esti¬ 
mated intraclass correlation was 0.26 

(p < 0.0001). 

Of the remaining factors, differences 
between the 31 communities accounted 
for the greatest amount of variation. 
Ambient air pollutant variables were 
included in an attempt to explain the 
sums of squares labeled community 
variation. No pollutant explained more 
than 8% of the community variation. 

- Community mean values adjusted for 
age and height are shown in table 3. 
Possible explanations for this variation 
are considered subsequently. 

The only other highly significant fac¬ 
tor In the analysis was parental smok¬ 
ing, which accounted for 0.1% oTtfic 
fetal variationyEach parent was placed 
in 1 of 6 categories on the basis of the 
amount he or she smoked. An analysis 
of ex-smoking parents showed that 
their offspring's average FEV was vir¬ 
tually identical with live nonsmokers, 
so the 2 groups were pooled. The 6 re¬ 
maining categories were based on the 
amount currently smoked: 0, <0.5 
pack, 0.5 to<! pack, about 1 pack, >1 
lo 1.5 packs, and 2 packs or more. The 
6 categories of smoking for each parent 
gave 36 possible combinations. The 
sums of squares for these were split in¬ 
to 3 categories: the amount the mother 
smoked, the amount the father smoked, 
and the interaction of the 2. Neither 
the interaction nor the amount the fa- 
f" ther smoked were significant at 0.05. 

I The mother^ amount, however, wa£ 
; highly significant. 

The mothers’ amount was split into 2 

components: a linear pack function, 

'■'*■ . .. 
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TABLE 3 

MEAN FEV,. n MEASUREMENTS BY COMMUNITY ADJUSTED 
FOR AGE AND HEIGHT 


Community • 

Boys 

6-9 * 

Boys 

9-13 

Girls 

6-9 

G«rls 

9-13 

Charlotte NC 

Sector 2 

1.320 

1 8C2 

1252 

1 792 

Sector 3 

1.335 

1.874 

1.232 

1 795 

Sector 4 

1.368 

1.883 

1.278 - 

1.826 

Birmingham At 

Inglenook 

1*75 

1.745 

T.147 

1.633 

Norwood 

1.367 

1.715 

1.108 

1.682 

Zion City 

liZfll 

1.799 

1 158 

1.684 

Center Point 

1.2B9 

1.809 

1.190 

1.712 

Homewood 

1*03 

1.821 

1*17 

1.716 

Huey town 

1*26 

1.781 

1.129 

1.669 

Rlverhead NY 

1.304 

787 

1.168 

1664 

Queens NY 

1*69 

1.744 

1.160 

1.580 

Broo* NY 

1*94 

1.793 

1.194 

1.693 

Sheeps head Bay NY 


1.768 

1.171 

1624 

Ridgewood NJ 

1.295 

1.750 

1.191 

1.708 

Fair Lawn NJ 

1.270 

1.733 

1.140 

1.641 

Matawan NJ 

1.275 

1.782 

1.182 

1.705 

Elizabeth NJ 

1*29 

1.777 

1.164 

1.712 

Ogdan ITT 

1*78 

1.921 

1*57 

1.860 

Salt Lake City UT 

1.365 

1.889 

1*52 

1.824 

Kearns UT 

1*19 

1.865 

1*26 

1.752 

Magna UT 

1.387 

1J81 

1*24 

1.786 

Chattanooga TN 

Rad Bank 

1*91 

1.838 

1.190 

1.740 

Bra Inertl 

1,300 

1.828 

1.170 

1.690 

Harrison 

1*77 

1.781 

1.166 

1.683 

Vista CA 

1.317 

1,858 

1*20 

1.734 

Santa Monica CA - 

1,356 

1.847 

1*56 

1J02 

Ana halm CA 

/ 1.325 

1*44 

1*32 - > 

1.748 

Glendora CA 

11.341;'-' 

-• 1.865 

■;>;;' i y^i*24 .:, ' 

1.755 

Thousand Oaks CA 

o -*:■ 

\*'**&M 38 ^ 

> : 5^V.'?1*24^\t ‘ 

:^/-1.769 : ;v:^ 

Gardan Grove CA 

1.317 

1.826 

1*36 

1.786 

Covina CA 

1*26 

1.655 

1*24 

1.747 


and a nonlinear component. The linear 
pack function explained nearly all of 
the variation (91%), with an insignifi¬ 
cant amount remaining in the nonlinear 
portion. Thus, parents* smoking could 
best be represented by the simple func¬ 
tion of the amount smoked by the 
mother. This function was used in fur¬ 
ther analyses. 

The effect of maternal smoking ap- 
pearedTn; bolh scxes^and age groups 
Stable 4)<The effect on older boys was 
greater than it was on the children in 
the other. 3 subgroups. The presence of 
a gas stove in the home had a less dra¬ 
matic effect (table 4), with the older 
girls showing a decrease that approached 
statistical significance (p * 0;0524). It 
is interesting to point out (table 4) that 
the effect on boys in homes with gas 
stoves was slightly greater, although 
not significantly so. The means for the 
presence of a gas stove were adjusted 
for community differences so that the 
comparisons would be within commu¬ 


nities, as was done by Speizer and co- 
workers (13). 

Discussion 

Parental smoking . These data indi¬ 
cated a-negative asspeiation^between 
the amount smoked by the mother and 
ghcFEV v .» value of the chiid^ving in 
tier home. Similar evidence of a crude 
dose-response relationship between 
FEFjj-n* and the number of smokers 
in a house has been reported by Tager 
and colleagues (16). Our data revealed 
only a slight negative and insignificant 
influence of the amount smoked by the 
father on the results of his child’s 
pulmonary function test, after con¬ 
sidering the amount smoked by the 
mother. This difference in results 
might be explained by the method used 
to gather parental smoking informa¬ 
tion: the Tager study obtained smoking 
information by direct interview with 
each parent, whereas itv these data, 
smoking information was obtained by 
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TABLE 4 

MEAN FEV, n MEASUREMENTS ADJUSTED FOR AGE AND HEIGHT 
SUMMARIZED BY COVARIATES 



Boys 

6-9 

Boys 

9-T3 

Girls 

6-9 

Girts 

9-13 

Mother’s smoking 

Never or ex 

1315 

1.833 

1.211 

1.734 


0.933}’ 

(2.949) 

0.7T7) 

(2.406) 

Less than 1 pack 

1.301 

1.825 

1.195 

1.729 


(650) 

(890) 

(597) 

(777) 

1 or more packs 

1.294 

1.806 

. 1.195 

1.722 


(1.016) 

(1.470) 

(917) 

(1-S10* 

Gas stove use 





Yes 

1.309 

1629 

1.203 

1.719 


(1,173); 

(1,454) 

(1.067) 

0.206) 

No 

1.304 

1.825 

1.208 

1,738 


0.221) 

(2.096) 

(1,176) 

0.792) 

Education of head of household 
Less than high school 

1.296 

t630 

1.199 

1.739 


(W) 

&&) 

(531) 

^ ; (62i) 

High school , , > -v 

1.306 

1624 

..^1603, 
'V* (1,926) ■ 

^;i.728; 


fc1*D ; k 

f (3,040)^ 


More than high school 

1617 

1.820 

1.209 

1.727 


(655) 

0*314) 

(634) 

0.076) 


* SampN »i«* thrvn I* 

a self-administered questionnaire and 
was reported for both parents by only 
one parent (usually the mother). It may 
well be that this method of data collcc- 
tion left us with smoking data that was 
more accurate for the mothers (self- 
reported) than for the fathers (reported 
by another person). Although conjec¬ 
tural. this reasonably could account 
for the low explanatory power of our 
father-smoking factor: alternatively, 
the greater significance of a mother's 
smoking on the results of her offspring’s 
test may be due to the greater time 
spent with the child. 

Other studies have not found an 
association between parental smoking 
and test performance by children. 

Lccdcr and associates (15) found no ef¬ 
fect on peak expiratory flow rates. This 
was somewhat inconsistent with our re¬ 
sults since our flow rates were strongly 
correlated with FEV© „ (32, 33), Wf 
the ^investigators tended to^ttrrfwS 
this result to small sample sizenn Shill¬ 
ing and co-workers (34), although the 
results suggested a relationship be¬ 
tween the amount the mothers smoked 
and maximal expiratory flow at 50 # /e 
of FVC among their daughters (if they 
had never smoked)^ the investigators 
concluded parental smoking had no cf- 

feet on the children’s lung function, parental ^smoking, I more ln-^r 

; Finally, Spcizcr and co-workers (13), : fluence the number t>f reported 

working with 8,120 white children be- ratory symptoms among^children.--It^is _ 

tween 6 and 10 yr of age, did not find also important to note that within the 

an association between FEV, and Tager and colleagues study (16), the in- Sertric 4 ^Kor&of school-age children. , 
parental smoking. This, finding wa$> vestigators did not report a dosc- 


possibly due to the age of the subject# 
In young children, the FEV, may ap-, 
proximate the FVC and be better cor¬ 
related with lung volume than the 
FEV© 75 used in the present study. We 
know of no data that support this sup¬ 
position. The FEV©. 7 j may be more 
sensitive to variation in airway obstruc¬ 
tion, which would suggest that side- 
stream smoke may have a more 
obstructive than restrictive effect on 
the lungs. For a discussion of possible 
mechanisms, sec Tager and colleagues 
( 16 ). 

The Tager results are interesting with 
regard to the findings of Colley report¬ 
ing both alone (11, 14) and with 
Lccdcr and associates (12) the relation¬ 
ships between the number of smoking 
parents in a household and the number 


response effect between the number of 
smoking parents and the number of ill¬ 
nesses in their children. 

Gas stoves, Speizer and co-workers 
(13) using FEV, did report a negative 
association between exposure to a gas 
cooking stove and the results of a 
child’s pulmonary function test. Our 
data were less consistent but did show 
an association that approaches statisti¬ 
cal significance of gas stove use and re¬ 
duced FEV^jj ; among the sex/age 
group in which exposures can reason¬ 
ably be expected to have been highest, 
e.g., girls 9 to 13 yr of age (table 4). 

.This concentration of effect among 
females was consistent with the find¬ 
ings of Mdia and co-workers (25) who v 
suggested that girls would be more like- ( T 
: $the i k!?bf^theSr^ 

homes-the room with the highest NO* v * 
exposure in the house (19). 

There are 3 possible explanations for 
these findings. First, older girli may be 
in the kitchen longer than younger 
girls. Alternatively, the accumulative v 
length of NOj exposure may be more 
Important than simple frequency of ex¬ 
posure. Third, a possible interaction 
may «tlst between smoking and Npi 
exposufe in older girls. As there was no 
direct measurement of smoking by 
children* this last alternative is difficult 
to assess. In any case, the observed 
changes were small. However, as set 
forth by Spei 2 er and co-workers (13), 
even small differences in age- and 
height-adjusted lung function in young 
children may indicate that these 
children will not develop full lung size 
in adulthood. 

.These,.findings v wcre in: contrast to 

:tiat^e>lung^fuaid 
^childrehi^measured by FEVa»j; 
k expiretory^Tlowj tale, and ‘the 


of respiratory diseases among their --»- 

children. Other reports, however, are 
not consistent with the Colley findings. * 


Schilling and co-workers (34) and Lc* 
bowitz and collcagues (35) found little v 
or no relationship" between smoking 
parents and the number or reported 
respiratory r symptoms or /.diseases 
among their children. They suggested 
that familial characteristics, such as 
parent symptoms and family history of, 
respiratory ailmehu,Vr rather" ,than * 


■> ^ 


thW y bed rooms or. kitchens. , 

lehce highet~Jn'hbrrk*using gjupfor ' < 

. otUng.instead oC-dediidty:conducted 
lhwthcdifTctwc» f wCTeliroited^b.br-'; ; 

_ ... 

mmmM 


. v Other factors, A significantly greater ^ 

V.;Vi j ‘' ' ' ■ • 
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amount of the vurm of squares attrib¬ 
utable to error was found between 
families than within families (tabic 2). 

It was possible* as lias been suggested 
by others (14. 34), that these dif¬ 
ferences may have been a result of 
within-family reporting bias. This may 
be a problem for analyses that consider 
smoking information, as has been re¬ 
ported by Colley (14). According to 
Speizer and co-workers (13), however, 
it is unlikely that withimfamily report¬ 
ing bias would be related to the pres¬ 
ence of a gas or an electric stove. Our 
results supported the findings of 
Speizer and associates (4) and Tager 
and colleagues (5, 6), which showed 
that lung diseases tend to aggregate 
within families. 

There were several other potential 
sources of bias in these data. As men¬ 
tioned before, the amount the father 
smoked may be confounded by the re¬ 
porting method used. It may artifac¬ 
tually have minimized the importance 
of the father’s smoking behavior in our 
study, whereas it has been found to be 
significant by other researchers. 

Questionnaire information regard¬ 
ing parental smoking and gas stoves 
could not have influenced technician 
performance with each child as this in¬ 
formation was gathered separately 
from the pulmonary testing. Regular 
(daily) calibration of spirometers 
helped minimize machine biases, but 
examination for machine bias in some 
of our sites in other test years revealed 
that such biasing did occasionally oc¬ 
cur. Machine bias, however, was not, 
consistent for any machine in more 
than a single testing season and, thus, 

, its effect was probably minimal. Bias 
■ caused by technician differences should 
have been countered by the averaging 
of blows from more than one period. 
This averaging would have allowed for 
both a training effect and mixing of 
technicians period to period. Any re¬ 
maining technician or machine biases 
would show up as community differen¬ 
ces since different technicians and ma¬ 
chines were used in each metropolitan 
area. 

Certain other information would 
•/t have helped reduce bias, and sharpen 
the distinctions between the exposed 
and unexposed groups. Unfortunately, 
children examined in this study were 
; not asked about their personal smok- 
- ing habits. Confounding could be a 
j; problem if the children of smoking 
parents themselves tended to smoke; 
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such an association has been reported 
(38). Possible evidence of this con¬ 
founding is found in the greater reduc¬ 
tion of FEV observed among the older 
males in our sample, the group that in 
the early 1970s could be expected to 
have been smoking most heavily (38). 
A less likely explanation would be 
some sort of greater susceptibility of 
males to side-stream smoke, a suscepti¬ 
bility that would increase with age. 
Personal smoking is an unlikely expla¬ 
nation for the reduced FEV observed 
among those 6 to 9 yr of age. 

Although no one has assessed the 
reduction of FEV among smoking chil¬ 
dren, Tager and colleagues (16) have 
shown that the maximal FE;F 2 $-m^ 
reduction among smoking children is 
greater than the FEFn-w among 
children whose parents smoke. Though 
there arc implications from Tager’s 
findings for the interpretation of our 
^ results, there are no studies to date 
assessing the relative impact of child¬ 
ren’s smoking habits on their FEV ver- 
. sus the effect of the smoking habits of 
their parents. V ; 

In addition to the bias Introduced as 
a result of the linking of the question¬ 
naire and the pulmonary function test 
data, misclassirication of parental 
smoking is expected to huve occurred 
because of the Interval between ques¬ 
tionnaire distribution and pulmonary 
testing^ Parents reporting themselves 
to be nonsmokers may hove begun to 
smoke or vice versa, or the amount of 
smoking reported may have changed. 
Furthermore, the amount of present 
exposure may be less important than 
the duration of exposure t<> r that 
amount of side-stream smoke or the 
total accumulated exposure of a child 
over his or her youth. None of these 
questions can be addressed with these 
data. 

Certain points regarding our FEV 
values should be made. First, to facil¬ 
itate the testing of a large number of 
children the digital display of FEVo. 7 $ 
was used. Unfortunately, the digital 
display of the FEV 0 ,t> docs not ullow 
for a correction of submaximal effort 
at the beginning of a test. In a large- 
scale epidemiologic study, the use of t 
visual record to evaluate test, per for- 
mance is problematic. The technolog¬ 
ical advancement of the spirometer 
since our data collection, however, has 
alleviated many of; the difficulties. 
Gaensler (39), in discussing procedures 


epidemiology, made u number of 
detailed recommendations regarding 
the use of the spirogram (or other 
record) to evaluate test performance. 
Second, our recording of only the 
highest value in each test period 
favored selection or tests only minimal¬ 
ly influenced by submaximal effort. 
The averaging of values from more than 
one test period would also allow for u 
training effect to help minimize this 
(submaximal) effect. Comparison of 
these values with FEV 0 rs rcudings 
from machines that allow correction 
should show the latter values to be 
somewhat higher. Third, other infor¬ 
mation, which was not available from 
these duta, such as the variation in utl 
FEV values for each, child* the effect 
on the community, maternal smoking, 
or gas stove effect by including only 
children free of respiratory symptoms, 
the adequacy of the correction for 
seasonal effect, the amount of mixing 
of machines and technicians, and the 
variation found when calibrating the 
instruments each day, would have 
helped assess the reliability and validity 
of the spirometry data. 

Jn summation, the effect.oOparemal 
a^king^oniii chitd 1 ^ breathing has 
-Been^observed; of?* 

thothert smoking shows a dear dosev 
rcsponserelatlonshlp.w^ but 

^ilgnl ficant^fediictionMln^ Ker| child's 
ability to c^ralelalr quickly from hb or 
hcrlungs. The importance of the 
father’s smoking habits is uncertain. 
The effect of gas stove exposure, which - 
approached statistical significance, was 
observed in the group most likely to be 
at risk of highest exposure-older girls. 
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THE EFFECT OF PASSIVE SMOKING ON 
PULMONARY FUNCTION IN CHILDREN 


Michael D. Lebowitz, David B. Armet; and Ronald Knudson 

Dweion of Respiratory Sciences. West end Research Laboratories, Arizona Health Sciences Center. 

Tucson. Arizona 85724. USA 


A eudy of ventilatory function w** conducted in 344 mi dear families in a representative community 
population sample in Tucson, AZ. Household aggregation of pulmonary function, which is dependent on 
aousehold aggregation of body mass, might affect the relationship of children’s pulmonary function to 
parental smoking. When household aggregation of body mass was taken into account, there was no rela¬ 
tionship of children’s pulmonary function values to parental smoking. The trend, in the opposite direc¬ 
tion, was similar to that found by Speizer n o/. (1980a), but was not significant in this study, it must be 
concluded that passive smoking in the family, usually due to parental smoking habits, does not seriously 
affect permanent markers of respiratory disease such as pulmonary function. 


Introduction 

There has been some controversy surrounding the issue 
of whether passive smoking in households effects the 
respiratory health of children (NRC, 1981). Some in¬ 
vestigators have Teponed that childhood symptom rates 
appear related to parental smoking, whereas others dis¬ 
agree. However, it is better to utilize pulmonary func¬ 
tion to determine this effect, inasmuch as symptom 
reporting may show tendencies for parental biases 
(Cederlof and Colley, 1974; Lebowitz and Burrows, 
1976; Schilling et at. , 1977). One study by Tager et ah 
(1979) showed the effect of parental smoking on FBV l 
utilizing Z scores. A similar analysis from the same 
laboratory in six other, different populations (Speizer 
et a/., 1980a) showed opposite results. Tager et at . 
(1976) also showed that there was household aggrega¬ 
tion of pulmonary function values, which might influ¬ 
ence such a relationship. 4TWs study has demonstrated 
dfcr relationship oT active smoking to ventilatory impalr- 
tm c m (Knudson et at, 1976; Burrows cf */., 1977), as 
*has been found by others/ 

This paper attempts to examine the effects of paren¬ 
tal smoking on children’s pulmonary flow and volumes 
after correcting for any familial aggregation of vein 
tilatory function and body size. 

Methods 

The Tucson Epidemiological Study of Airways Ob¬ 
structive Diseases, which provided the data base for 


these analyses, has been described previously (Lebowitz 
et aLy 1975). Briefly, it is a multistage stratified cluster 
sample of white non-Mexican-Americans in the Tucson i 
area, where stratification was on age of head of house¬ 
hold and on social status. Of the 1655 families studied 
(approximately 3800 individuals), families with children 
biologically related to the parents were chosen; these 
represented 344 households and about one-half of the 
population (1400). In the first year of this study 
(1972-1973), pulmonary function tests had been 
satisfactorily completed on over 90% of those age 6 and 
over using techniques previously described (Knudson 
et al, 1976). Smoking habits in adults have been de¬ 
scribed previously (Burrows el al t , 1977); they arc 
similar to those found elsewhere and cover the whole 
range of amount and duration of smoking. 

These nuclear families were divided also into parent- 
child, spouse, and sibling pairs, the former using oldest 
children, by sex. Z scores [standard normal deviates 
Z, • (x</ — j)/sj, for i individuals and j age-sex 
groups] were calculated for forced vital capacity (FVC), 
forced expiratory volume in one second (FEV,), maxi¬ 
mum flow at 50% of the vital capacity (Kp^), and 
maximum flow at 75% of the expired vital capacity 
within each sex-age group represented in the 
parent-child pairs. The Z scores were used in analyses 
of variance to correct for genetic components of body 
mass in pulmonary function parameters and to detect 
relationships between parental smoking and children’s 
pulmonary function. 
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Most houses in this study, as determined by survey, 
are 180Ck2400 ft*, not more than 20 years old, have 
typical ft ft ceilings, have screened windows, and have 
central heating and air cooling (usually with filters for 
both systems). They are kept relatively closed in summer 
and winter, but are somewhat more open in spring and 
fall. Air exchange rates have not been measured in this 
study, but are estimated using published information 
(NRC, 1981) at between 0.4 and 2.0 per hour, depend¬ 
ing on season and use of forced air systems. Indoor 
pollutant levels were not measured in all of these houses 
as part of this study. Infiltration of suspended par¬ 
ticulate has been measured in about 41 houses (Lebo 
witz et al, 1982) and is low, though indoor generations 
is nou Carbon monoxide (CO) indoors and out has 
been also measured (Lebowitz et aL , 1982) and are low 
as well. The use of types of stoves has been measured in 
only some families (Lebowitz et al. t 1982). Outdoor 
levels of particulate alone are high in this area, but it is a 
silica quartz particulate. Nitrogen dioxide and CO are 
variable, but not in excess of NAAQS (Pima County, 
1981). 

Results 

i\ was found that there was a household aggregation 
^>f pulmonary function values and of body size. Body 
size is the key determinant of ventilatory function values 
(Knudson et a/., 1976). When the household aggrega¬ 
tion of body size was corrected, there was no household 
aggregation of pulmonary function that was still signifi¬ 
cant. Therefore, all pulmonary function values were ex¬ 
pressed as percent predicted where the children’s predic¬ 
tion equations use their own body size values, their age, 
and the body size values of their parents. Body size 
values used included height, weight, sitting height, and 
the ponderal index (H/W 1/3). Parents’ pulmonary 


function values were expressed as percent predicted, 
where the prediction equations used their body sue 
values and their ages. 2 scores were then calculated 
from these percent-predicted values for the age and sex 
groups (see above). 

^Analyses of parent-child, gpouse, tind sibling pain 
rby the smoking habits of the family members did not 
r -ahow any significant correlations of passive smoking 
fwith pulmonary function. This was true whether chil¬ 
dren’s smoking or not smoking was accounted lor, and 
was also true regardless of whether the parents had air¬ 
way obstructive disease or abnormal pulmonary func¬ 
tion tests. It was also independent of family mt. 
Analyses of variance were performed for the children’s 
pulmonary function test values by smoking in the 
household, by whether both parents smoked^ or 
whether the mother smoked, father smoked, or neither. 
The total number of nuclear families was reduced to 271 , 
when both parents and all the children age 6 and over is 
the household had satisfactory pulmonary function data. , 
As can be seen in Table 1, none of the results were 
statistically significant. Analysis by amount of parental 
smoking yielded similar results. 

In subsequent years of this study, further symptom 
information and history was collected. Analysis of these 
data in relation to passive smoking, using previous 1 
methods (Lebowitz and Burrows, 1976), indicated no 
relation to present or past symptoms, including persist 
tent wheeze or early childhood lower respiratory tract 
illness. Further analysis awaits collection of more longi¬ 
tudinal ventilatory function measurements on the chil¬ 
dren. 

Discussion 

The effects of similar pollutants (specifically NOi. 
CO) from the use of gas stoves on children’s and adults ; f 


Table 1. Children** pulmonary function by parental smoking in nuclear families. 


Parental Smoking 


A 

FEV, (Z-Kore)t 

FVC (Z-score) 

Mean 

SD** 

Mean 

SD 

Neither smokes 


41 

—0.121 

0.993 

—0.062 

0.997 

Mother smokes 


35 

-0.157 

0.812 

-0.157 

0.923 

Father mokes 


92 

—0.042 

0.970 

-0.059 

0.913 

Both smoke 


96 

-f 0.232 

1.059 

+0.186 

1.062 


Total 

271 

0.026 

0.996 

0.011 

0.988 

ANOVA: 



p m 0.0796 


p m 0.1798 





(Z-score) 

( Z-score) 

Neither smokes 


4S 

-0.160 

1.194 

-0.075 

1.058 

Mother smokes 


35 

-CLM7 

0.84g 

+0.004 

0.888 

Father smokes 


92 

-0.174 

0.945 

-0.173 

1.011 

Both smoke 


96 

+0.150 

0.965 

+0.202 

0.972 


Total 

27] 

-0.0002 

0.998 

-0.0001 

0.998 

ANOVA: 



p m 0.2+43 


p m 0.072 



•See text for explanation. 
•*SD m standard deviation. 


i\3 
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Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 



Effects ofpassivt smoking on children 

symptoms and pulmonary function were explored sep¬ 
arately, inasmuch as previous studies indicate such 
potential effects (Speizer e/1980b; Comstock era/., 
1981). In a substudy, gas stove use was related to acute 
symptoms only. Analysis in relation to chronic lung 
disease and ventilatory function had been performed on 
the total population of 1655 families; gas stove usage 
was not related to these measures of disease (Lebowitz, 
1977). In that same study, it was shown that ambient 
outdoor particulate matter was slightly related to those 
measures of disease, but household size and type of 
house were not (after controlling for socioeconomic 
status). Socioeconomic status has little independent 
contribution to pulmonary function (or disease) once 
more important factors are considered, such as active 
smoking (Lebowitz, 1982). Thus, these other factors 
were not part of the analyses reported herein. 

It is possible that correction for family body size con¬ 
cordance is not always necessary (Schilling et <?/., 1977; 
Speizer et ol. % 1980a, 1980b). The presence of persistent 
symptoms, such as wheeze, may be important in some 
populations (Weiss et a!. t 1980), but were not in this 
population. However, consideration of fuel used for 
heating and cooking is necessary, especially when pas¬ 
sive smoke appears important (Speizer et <?/., 1980a, 
1980b); Comstock et ah Y 1981; NRC, 1981). Results, 
especially in lower socioeconomic classes or in develop¬ 
ing countries, could be misleading otherwise. On the 
other hand, there still may be an effect of jpassive smokj 
big,'even when accounting for other exposures, in somog* 
circumstances and/or some communities, dependent oW 
environmental circumstances, home ventilation factors, 
and social class. 

A more extensive discussion of these factors and their 
interactions can be found in the National Research 
Council report (1981) and in an editorial by Frank and 
Lebowitz (1981). 

Acknowledgement -Thu work wu s u pported by NHLB1 SCOR 
Grant No. HL14136. 
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children who have been exposed to indoor pollutants-tobacco smoke 
and home cooking fumes-is reported. A significant relationship 
was found between parental smoking and symptoms of cough, wheeze, 
and sputum production. Also, children in homes where gas cooking 
fuel was used had higher rates of cough than children in homes 
where electricity was used. No differences in pulmonary function 
or yearly lung growth rates occurred among subjects grouped by 
exposure to tobacco smoke or cooking fuel. Thus, parental smoking 
and home cooking fuel affected cross-sectional respiratory symptom 
rates in a large group of Arizona school children. Study of 
pulmonary function, however, revealed no lung function or lung 
growth effects during 4 yr of study. 
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ABSTRACT. The respiratory health of a targe group of 
Arizona school children who have been exposed to indoor 
pollutants—tobacco smoke and home cooking fumes—is 
reported] A significant relationship was found between 
parental smoking and symptoms of cough, wheeze, and 
qxjtum production. Also, children in homes where gas cook¬ 
ing fuel was used had higher rates of cough than children in 
homes where electricity was used. No differences in pulmorv 
ary function or yearly lung growth rates occurred among 
subjects grouped by exposure to tobacco smoke or cook- 
mg fuel. Thus, parental smoking and home cooking fuel 
affected cross-sectional respiratory symptom rates in a largr | 
roup of Arizona school children. Study of pulmonary 
function, however, revealed no lung function or lung growth 
effects during 4 yr of study. 


INDOOR AIR POLLUTION has been reported to 
adversely affect human health. While various occupational! 
lung diseases have long been recognized as secondary to 
indoor pollution, more recent reports have concluded that 
the genera! population is also at risk from exposure to in¬ 
door pollution. 1 * 1 * *•* Among the forms of indoor pollu¬ 
tion which may affect humans are tobacco smoke 2 and 
cooking fumes. 1 Children, because they are usually non- 
smokers, have been studied most frequently. Children of 
wnoking parents have been observed to have more respir¬ 
atory symptoms and lower lung function than children of 
nonsmokers. 4 * 8 Similarly, children living in homes where 
gas is used as the cooking fuel have been reported to have 
more respiratory problems than other children.* 


The results of studies of indoor pollution, however, 
have not been consistent. Some investigators have not 
found that parental smoking or home cooking fuel are im¬ 
portant determinants of childrens’ respiratory health. 7 ** 

At presenL these disparate findings are unexplained, but 
population or methodological differences in studies may be 
responsible. For example, children living in milder climates 
may be exposed to lower levels of indoor pollution than 
children in colder climates. Also, studies to date have been 
cross-sectional in nature, perhaps producing more variable 
results than longitudinal studies would. 

The author, therefore, chose to conduct a longitudinal 
study of Arizona children who were exposed to indoor 
pollutants, findings of which are reported herein. 


The subjects of this study lived in small communities in 
Arizona: Morenci, San Manuel, and Kingman. Morenci and 
San Manuel have large copper smelters at the edge of town, 
but Kingman has no such pollution source. A comparison 
of respiratory health of the children grouped by exposure 
to smelter smoke revealed no differences, except in the 
prevalence of cough. 9 

The communities had similar populations (range 4,000 
to 7,312) and elevations (range 3,300 to 4,000 ft). The 
most important demographic difference among the towns 
was the percent of the subjects who were Mexican- 
Americans. Only 5% of the Kingman subjects were Mexican- 
American, whereas 40% of the San Manuel subjects and 57% 
of Morenci subjects were Mexican-American. Students, and 
parents of students, in the third or fourth grade in all 
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'schools of Morenei and in one school each in San Manuel 
and Kingman were contacted. The schools in San Manuel 
and Kingman were selected because of relatively low out¬ 
migration rates. In 1978, 379 students were enrolled at the 
above-mentioned schools. 

In 1979, the students whose parents had declined to par- 
ticipate in 1978, and a new cohort of third graders in the 
same schools, were contacted. By the end of 1979, 676 stu¬ 
dents from these schools were participating in the study. 
The participation rate at the end of 1979 was 76.3%, iie., 
676 of the 884 students contacted in 1978 or 1979 were 
enrolled. According to the percent of students with Spanish 
surnames on school enrollment lists, study participation was 
roughly equal in the two ethnic groups. 

Enrolled subjects' parents completed questionnaires on 
enrollment in 1978 or 1979. The questionnaires contained 
sections concerning the subjects, their mothers, and their 
fathers. The majority (62.67%) of the parents completed 
follow-up questionnaires in 1980. 

A few subjects completed the follow-up questionnaire 
only. The first questionnaire contained questions selected 
from the questionnaire of the Tucson Epidemiologic Study 
of Obstructive Lung Disease. 10 The follow-up version con¬ 
tained the same questions plus some new questions about 
home cooking and migration. Based on the parents’ respon¬ 
ses to specific questions on either the 1978-79 question¬ 
naire or the follow-up one, prevalence rates for various 
respiratory problems were established. For example, it the 
response was YES to the question “Does he or she ever 
have wheezing or whistling in the chest?” the subject under 
consideration was listed among those with “wheeze.” 



students who were in the sixth grade in 1980. Questions 
about cigarette smoking and the symptoms of cough and 
wheeze were asked. No students reported daily cigarette 
smoking. 

Spirometry was performed on each child with either of 
two rolling dry*sea! CPI spirometers. These two instru¬ 
ments were calibrated before each set of tests and were 
used all 4 yr with approximately one-half of the children 
using each one each year. No efforts were made to select 
which children blew into which machine. A nurse-interr 
viewer with extensive experience in pulmonary function 
testing and the author conducted the testing. Each child 
was seated, instructed on performing a maximum expiratory 
maneuver, and given nose clips. Each child then competed 
at least three maneuvers. Further efforts were obtained 
from children who did not produce a second best forced 
vital capacity (FVC) within 5% of their best FVC The 
single best forced expiratory volume in one second (FEV lj0 ) 
was used in the analyses. These values were corrected for 
barometric pressure and temperature. 

Of the 676 children who participated in the study, and 
who had the sections of the questionnaires completed about 
their health, 628 had all additional questions completed 
which asked about their parents’ health (Tablfc 1). The dis¬ 
crepancy primarily reflects the number of single-parent fam¬ 
ilies in which questionnaires for a father were not complet¬ 
ed. Also, 419 children's parents completed the 1980 ques¬ 
tionnaire, which asked about home cooking fuel (Table 2). 
Of the 676 subjects, 558 had both a satisfactory pulmonary 
function test result and questionnaire responses to ques- 


Tablel.—Prevalence of Various Respiratory Problems In Subjects Grouped by Parental Smoking 



Parent Reports % with 


Child Reports % with 

N 

Asthma Wheeze Sputum i 

Cough 

N Wheeze Cough 


Both parents smoke 

146 

7.6 

41.11 

12.31 

27.4* 

28 

21.4 

14.3 

Anglo-whites 

116 

7.8 

42.2 

12.1 

24.1 




Mexican-American 

30 

6,7 

36.7 

13.3 

40.0 




Adjusted rate* 

146 

73 

40.01 

12.0| 

273* 




One parent smokes 

185 

53 

28.0t 

11.4| 

23.2* 

34 

113 

5*9 

Anglo-whites 

102 

7.9 

32.0 

103 

253 




Mexican-American 

S3 

23 

22.9 

12.0 

203 




Adjusted rate t 

185 

5.2 

27311 

1031 

23.0* 




Neither parent smokes. 

297 

4.1 

273f 

6-71 

14.1* 

62 

8.1 

63 

Anglo-whites 

168 

5.4 

31.0 

63 

13.7 




Mexican-American 

129 

2.3 

24.0 

7.0 

14.7 




Adjusted rate} 

297 

4.1 

27.6f 

6.41 

14.6* 





•The rates of cough are significantly different among comparable subjects ranked by parental smoking [P < J>1 by trend chi 
square) j 

tTbe rales of these symptoms are different among comparable subjects ranked by parental smoking [P < .05 by trend chi 
square). 

t Rate adjusted for differences In rates of parental smokers among areas of study. 
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tions about parental smoking. The results of the testing of 
these subjects are displayed in Figure 1. A cohort of 120 
8-yr-olds, 163 9-yr-olds, and 87 10-yrrolds produced most 
of the results. These subjects all had at least three annual 
tests during the 4 yr of the study. Thus, among the test 
results displayed by age at testing in Table 1^ 120/171, 
277/365,371/443, 307/356, and 192/209 of the tests 
(82.1%) were produced by the cohort with at least three 
annual tests. Other results are for subjects who had only 
one or two annual tests. 

Of the 676 subjects, 427 had at least one test result and 
questionnaire response to home cooking and were includ¬ 
ed in Figure 2. A cohort of 107 8-yr-olds, 134 9-yr-olds, 
and 79 10-yr-olds produced most of the results in Figure 2. 

In Table 3, only the 472 subjects who had (1) a mini¬ 
mum of two consecutive annual tests and (2) appropriate 
questionnaire responses to parental smoking and in the 
lower portion of the Table, the 407 subjects who had (1) a 
minimum of two consecutive annual tests and (2) appro¬ 
priate questionnaire responses to home cooking are includ¬ 
ed. A cohort of 119 8-yr-olds, 162 9-yr-olds, and 87 10-yr- 
olds produced 89.5% of the data for subjects grouped by 
parental smoking by undergoing annual testing at least three 
times. A similar, but slightly smaller cohort produced 92% 
of the data for the subjects grouped by home cooking. 

Chi square, trend chi square, and analysis of variance are 
the statistical methods used in this report. 11 


RESULTS 


Table 1 shows the rates of various respiratory symptoms 
and asthma in the subjects both overall and when grouped 
by parental smoking and ethnic background. A significant 
relation between parental smoking and each ofthe*sym|K 
tomS’ofwh^^^fump^ occiirredt 



ingampng th**# 
significant trend occur- 


In an attempt to avoid the possible bias of smoking par¬ 
ents more readily reporting symptoms in their children 
than nonsmoking parents, a subset of older subjects were 
asked about cough and wheeze, the results of which are 
shown in Table 1. White the differences did not reach sta¬ 
tistical significance, children of smoking parents reported 
more symptoms than children of nonsmoking parents. 

Table 2 shows the rates of symptoms and asthma among 
the subjects grouped by home cooking fuel. The rate of 
cough was higher (P<.05 by chi square) in children who 
lived in homes where gas was used as a cooking fuel. In the 
Table, an adjustment for differences in home cooking fuel 
in the different areas of residence was made, as in the 
analysis of the effects of parental smoking, with little 
change in the rates. 

The results of pulmonary function testing in the child¬ 
ren are in Figures 1 and 2 and Table 3. The figures display 
FEV lj0 vs. age at time of testing. Table 3 shows lung 
growth in the subjects who had at least two annual testings 
1 yr apart: Lung growth was calculated by subtracting 



Nb. of Subjects 171 365 443 355 209 

in Each Age Group 

Fig. 1. Lung Function in Subjects Grouped by Parental Smoking. 



No. of Subjects 

In Each Age Group 129 282 354 279 162 


Fig. 2. Lung Function of Subjects Grouped by Home Cooking 
Fuel. 


FEV lj0 /Betght 3 for 1 yr from FEV^,/Height* for the 
year before. The formula is: 

Lung Growth = FEV**^^ / (Height.^)* 

-FEV^/ (Heigh 

Parental smoking and home cooking fuel did not consistent¬ 
ly affect yearly lung function or lung growth. 

DISCUSSION 

The.pfesentfepqri shows that children of smoking par¬ 
ents and children li ving fn piis the cooking 

fuel had more respiratory symptoms than other children; 
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Table 2.-freva)enct of Various Respiratory Problems In Subjects Grouped by Type of Home 
Cooking Fuel Used 



N 

Asthma 

Wheeze 

Sputum 

Cough 

Subjects with gas as home cooking fuel 

340 

4.7 

30.6 

10.3 

20.3* 

Adjusted ratef 


4.4 

31.1 

10.1 

19.7* 

Subjects with electricity as home 
cooking fuel 

79 

3.S 

29.1 

3J 

1.9 

Adjusted ratef 


3.1 

26.7 

4.7 

10.0 


•Rate of cough Is significantly higher In subjects with gas home cooking fuel {P < .05 by chi 
square). 

| Rate adjusted for differences In rates of gas home cooking fuel among areas of study. 


Despite the higher rate of symptoms, however, these sub* 
jects had no impaired lung function or lung growth during 
the 4-yr study. Because of the population studied and the 
methods used, these result have limited application. 

The subjects studied do not represent the general popu¬ 
lation well. Roughly two-thirds of the children lived in 
Arizona smelter communities. The author has previously 
described that the smelter town children, who have been 
exposed to relatively high levels of sulfur dioxide have a 
higher prevalence of cough than other children, but com* 
parisons of other symptoms and lung function revealed no 
differences.* StiJI, smelter town children may be particuM 
tarty hardy andres&tantto the effects of tobacco smokrbr 
gas cooking fumdSTwhen the non-smelter town children 
were analyzed separately, the results did not differ quali¬ 
tatively from those when the entire cohort was analyzed. 
Socioeconomical status differed when the children from 
different areas were compared, but the status did not affect 
symptom rates or lung function. Thus, the non-smelter town 
children and smelter town children appeared to be similarly 
affected by the variables of parental smoking and home 
cooking fuel. 

The subjects were not randomly selected members of the 
communities. Approximately one-fourth of the students 
eligible did not participate, and about 35% of those who 


X 

did participate contributed only one or two acceptable \ 

yearly lung function tests. The subjects who participated 
for 3-4 yr, then, may not be representative of the general ; 

population. 

The methods used also limit the application of the study 
results. No measurements of indoor pollutants were made, 
therefore, the relation of questionnaire information to 
actual exposures is unknown. In addition, the question¬ 
naires only asked about parental smoking. While the house¬ 
holds with two smoking parents averaged 5.2 persons per 
household, the same number as households with non¬ 
smoking parents, other smokers undetected by the question¬ 
naires may have been present or parents who smoked but 
did not live with the subject may have been absent. Such 
persons would have blurred the groupings used in the pres¬ 
ent analyses. 

Despite the above limitations, the study provides evi¬ 
dence that parental smoking and home cooking do not pro¬ 
duce serious respiratory problems in Arizona children. 

I found, as have others, 4 that children of smokintnur 
ents have more respiratory symptoms than other children. 

To avoid parental reporting bias, 12 all the 1980 sixth grad¬ 
ers were asked about respiratory symptoms. While the 
differences did not reach statistical significance, jtayuai^ 
suggested the children of smokers had more sympBwSaBr 


Table 3.—Lung Growth of Subjects Expressed as FEVi * >p «, j /(Heighten l 3 - FEV^^^^^thteoe) 3 


Age Age Age Age 



N 

3-9 yr 

N 

9-10 yr 

N 

10-11 yr 

N 

11-12 yi 

Both parents smoke 

22 

61 -34* 

62 

63.40 

73 

6533 

47 

66.40 

One parent smokes 

41 

63.54 

37 

65.21 

94 

6430 

54 

68.07 

Neither parent smokes 

75 

64.94 

156 

6534 

145 

64.13 

90 

67.75 

Gas home cooking 

94 

65.68 

204 

65.13 

211 

64.19 

132 

67.71 

Electric home cooking 

29 

65.80 

49 

6531 

46 

64.93 

23 

66.16 


•The lung growth b significantly different among the subjects 8-9 yr of age (P < .05 by ANOV A): 
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» Also, m agreement with other investigators * I found 
that children who lived in homes with gas as the cooking 
fuel coughed more frequently than the other subjects. 

The pulmonary function testing showed that neither 
parental smoking nor gas home cooking fuel adversely 
affected lung function or yearly lung growth. Tager et al. 5 
reported decreased pulmonary function in children of 
smokers. Others have not found such differences. 7 Sim¬ 
ilarly, varied results of the effects of gas cooking have been 
reported.** 7 To ensure that differences in height did not 
obscure differences in lung function among the subjects, 

I also calculated lung growth for each subject who had two 
or more tests. These results showed that with height cubed 
taken into consideration, lung growth was not affected by 
parental smoking or home cooking. Also, when initial lung 
function was taken into account, by calculating lung 
puwth over the entire period of the study in subjects 
grouped by initial FEV l#0 , no differences in the various 
parental smoking or home cooking groups were found. The 
results of the present study are good evidence that these 


factors do not affect the lung function of children living ini 
the southwestern United States. Indoor monitoring, now 
progress, may confirm the suspicion that particulate an <$? 
nitrogen dioxide levels are much lower in the highly ventil¬ 
ated homes of this region than In colder climates^ 

In conclusion, while parental smoking and home cooking 
iM can iR^nce respiratory symptom rates among AriSr 
zona children, these variables do not adversely affect lung 
function or growth. 
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ABSTRACT. In a survey of 1,355 children six to 12 years of age, 
the risk of hospitalization for respiratory illness among children 
before age two years was increased when gas was used for cooking 
at home (p < 0.001) or at least one of the parents smoked (p < 
0.02). The occurrence of cough with colds in children also was 
significantly increased when one or both parents smoked (p < 0.001). 
Small but signficant increases (p < .05) in the mean values of 
forced expiratory volume at one second, the flow rate at 75 percent 
of the forced vital capacity, and the forced expiratory flow rate 
from 25 percent to 75 percent of the vital capacity (FEF25-75) 
were seen after administering inhaled isoproterenol to children 
whose parents smoked (n=89) but not among children whose parents 
did not smoke (n=89) ; this was not seen in association with gas 
cooking. Thus, exposure of children during the first two years of 
life to gas cooking or cigarette smoking appears to be associated 
with an increased risk of hospitalization for respiratory illness, 
and cigarette smoking appears to be associated with a more 
consistent response to inhaled bronchodilator among six-to 12-year- 
old children with no other history of chronic respiratory illness. 
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Relationship of Parental Smoking and Gas 
Cooking to Respiratory Disease in Children* .? 

Idem E Ekwa, M.D., M.F.M ; Wife W. VVein/«rr C er. Af.D., FX.C.P; 

Peter A Luclicnbruch , Pfi.D.; and William H. Huntley, R.R.T, 


In a turvry of 1,355 children six to 12 year* of age, the risk of seen after administering inhaled isoproterenol to children 

hospitalization for respiratory illness among children before whose parents smoked (n«W) hut not among children 

age two years was increased when gas was used for cooking whose parents did not smoke (n ■ Ay); this was not seen in 

•I home (p <0.U0l) or at least one of the parents smotal association with gat cooking. Thus, exposure of children 

(p < 0.02k The occurrence of cough with colds in children^ during the first two years of life la gas cooking or cigarette 

also was significantly increased when oar or both parents*" smoking appears to be associated with an increased risk of 

smoked (p <0.00nr Small but significant increases (p < .05) Isospitalization for respiratory illness, and cigarette smoking 

in the mean values of forced expiratory volume at one appears lo be associated with i* more continent mporvjgrfo 

second, the How rate at 75 percent of the forced vital inhale^ broachodilator among sis* to 12-year-ftld children 

capacity, and the forced expiratory flow rate from 25 with no other history of chronic respiratory illness, 

percent to 75 percent of the vital capacity (KEF25-75) were 


P arental smoking has been shown to be related to 
increased risk of respiratory illness in chiltlrcn 
during the first year oTIile, 1 * and to an increased risk of 
morning cough, respiratory infections, and breathless¬ 
ness among older children.'* Specifically, an increased 
incidence of pneumonia and bronchitis with conse¬ 
quent hospitalizations lias been reported among in¬ 
fants whose parents smoked comjwred to children 
whose parents did not smoke. 1 ' Parental smoking also 

For editorial comment see page 651 

has been reported to increase the risk of persistent 
wheeze* and symptomatic asthma.* In a study of 
British secondary schoolchildren that showed early 
morning cough to be more commonly reported by 
children who smoked, the effect on these smoking 
children of parental smoking appeared to be additive. 4 
A decrease in pulmonary function measurements also 
has been noted in nonsmoking children whose parents 
smoked u o 

An association has been similarly shown between 
respiratory illness in children and gas cooking, appar- 
ently from increased levels of nitrogen dioxide and 
nitric oxide in the homes with gas stoves.In 
addition, pulmonary function measurements per¬ 
formed in school age children were found to l>e lower in 
association with the use of gas stoves in the homc. ttU 
The current study was designed to further examine 

*Kft»n the l)ivivH>n\ uf AtiiltMlJilnri ami Cutnniumty IVtlulrin ind 
Pediatric Allerity ami I PnhiMtuary Disease. Deparlinriil ni I'edii 
aims. amt ll*r llhfiarlnirnt ut Prrsrnlnr and K.mmm»iiruUl 
Mrtlkinr. The timersits til Iowa MnUjI Si IhuI. Insva t.ily. 
This *»«k! ssj, MiptHMUti lit |Kiri U\ l.iAiit So lilts** hum llie 
Clinical llrsrai t*|» :l .enter. in Nil I Chant I HOI AlM»! 5 l-Ol. In CyrtiC 
Fibrosis hnmdot ton Giant G 521 A. and In tin* jolmwm County ilA) 
Lung A\m« uImhi 
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the relationship of parental smoking and gas cooking on 
the occurrence of respiratory illness and symptoms in 
children from a mid western university community; 
Additionally, we examined the relationship between 
these environmental exposures and pulmonary func¬ 
tions. 

Methods 

Subjects 

Children. ac**\ ft lo 12. *Ik> attended primary whool in the Iowa 
City School District wvrr contacted a/trr permission wo* obtained 
from nhuol iidinimilraton The sctiool district senes a uimmilv 
Community The children were therrfbrr generally from middle and 
upper social ckuri. Participating *chuoU utcludrd approunutrlv S7 
percent of the 2.0G2 children n* lo 12 yeart uf age enrolled in ihe 
*dwol dot net Clukiren from the partKipalmg *cbuoh wrr e sent 
Home with a letter eipluning to parent* llie purpose of the studies, 
the information wr were interested in collecting and why The 
parents wrrr requested to complete a modification of the question 
nil re drvrkqied hy the American Thoracic Society (ATS 1 tor the 
Division of Lung Disease (DLD) of llie National Heart. Lung, and 
Blood Institute (the ATS Dl.D questionnaire) - and tu return it lo us 
in a stamped, selfadd reused envelope <A copy of the modified 
questionnaire is available on request from the authors.) Tan weeks 
following the initial distribution of the questionnaires to the parent*, 
another tetter was sent as a reminder to parents who had tailed to 
return a compleled questionnaire. 

In order to determine if uonre$|>or>dmt parents and their children 
dtilered significantly in certain characters tics from those parents 
who had completed llie qurst»oiinatre*_*liout th«*ir children. 2un 
non respondent parents were ramlomlvWlHied and cuniiRird bv 
lelcplnMir by* trained research assistant tour weeks oiler the 
questionnaires were initially sent to llie parent The |>orvnts were 
rocti read tlie |vart nf (he questionnaire that related most ditecth to 
cigarette wnokiitg and re*piratmv illness To ensure lluil the «|t*e>- 
tMMi* were answeretl atnwlrli. lime pertim-nt quesinmvlmm the 
questionnaire werr read alood rsji ||s as prnilt*|!aiid wi(j«>nt am 
rial sir at h hi hv tie research assistant 

Pulmonary t urn turn Meukurrmrnti 

|*ulmonary function mrasurruirtils were oUamrd t min Vi vhil 

^**nul Smownq and Gas Goc**q n f*9\&tmory 0>sa«s« a* Cnoomn t£wwo ar aj > 
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Jrrn (47 gtrU and 41 Inn*) wliove parents did not smoke and 94 
children (52 R»rb and 42 Urrel who»e parents smoked These 
I’hddrrn wrrt ramhHidv M*Wvtrd using utiles of random numbers 
from the childrrn fiu wIhhti complete information was obtained 
wune the ipintNinuairr. All jurrnU wen* requested to indicate thrir 
nwy*nl fen (Milmmurv fumlKwi studies li> be obtained from thrir 
e&Yldrrn. alter we bad provided a full written explanation of I lie 
irawm* fiw aihummg tlie mraumnmli and the pnnvdum the 
,4nkl would k»IU*w during pulmonary fundion tnlint Consent wav 
*4iUmrd Irmn 411 (H5 6 percentl of tlie 4A4 childrvn who>e pamits 
•lid nut smoke and 596 (91.1 percent) of the fwVl rhildrrn whose 
liaimts smoked Wlmn parental smoking was kepi tvmliiit, tlie 
|pro|K>rliuns of children who had ivud) with cold, cough ujurt from 
uklv or phlegm with w a^urt fnim colds wenr not ciguificatilly 
cfiflerrnt lor ciuiscnting parents compared to nonconsentinc |urmU. 
Ur ihm-furv h it that oor sajnphng procedure produced a n-jm-seut- 
al»f population of children. 

Onldrm w e r e deluded if there was a history uf rrcurrmt 
respiratory illness or if tlienr was any history of tipsier nr limer 
respiratory infection during the |»m« ait months. Spirometry was 
measured with a fines Putmonor waterless rrspimmi*ter. CalniU- 
I urns of the |»aratnclrn measured werr done hy tlie f mki I) at a mat tc 
C*un(HilrT with daily raliluaUNi Lung volumes were measured by 
use of a plt-lhysmogniph (model 2UUUB (^nlmpulniouary Jnstrii- 
mentsl using a 3 LAetund Flrisch tem|wrati»rr-ci*nlri*lk*d pneu- 
motach. with a flow accuracy of S 1 percent of full scale. 

Eac h child was instructed in tlie ineasnrrmmt maneuver and was 
m an upnglit sitting position Each test wav repealrd three to five 
times, and live lirst rflort was taken Flow rates and lung volumes 
werr measured In-iorr and five minutes sultscquent to 1.25 mg 
iiduknl iso(m»4t*rr»H>l diluted with 2 ml norma) saline solution and 
administered by an open nebulizer 

Analysts i f Dal a 

Discrete multivariate analysis wv used to studv the interactions 
Among tact ore.** In this analysis, maternal and paternal smoking 
and gas conking were treated as independent factors, while the 
frequencies of various reqiualorv symptoms or illness were the 
dependent variables The reported prevalence of respiratory symp¬ 
toms or illnesses were stratified by parental smoking (mother alone, 
fetlier alone, both parents, either or both parents, neither parent 
smokes)'and by cooking Fuel use. Odds ratio was calculated for each 
interaction effect Odds ratios greater tlian one indicated that the 
variable lud a higher risk fi>r the children and conversely odds ratios 
of less than one indicated lower nsk A chi-square analysis was used 
to eaamme tlie significance of the odds ratio. 

Hegrnsion lines were fitted In each of the pulmonary function 
measurements using the SutislicaJ Analysis System (SAS) using the 
stepwise procedure. 11 The variables entered in the equation were 


age in years, set. weight (kg), and standing height (cm) Lines were 
fitted separately lor children from smokmc and nonsmoking environ¬ 
ments, as well as lor values olitamcd b> (Jbliug these two groups K- 
lests were performed as deserdird bv ‘Neier and Wa»sermau M to 
compare the fit of the lines olitamed lor Values fiir children from tlie 
two environments and for the pta4rd datu. Paired Mests were used 
to compare the prehronchoditaior and povlimmchndilator pulmo¬ 
nary functions. 


RE5UU* 

Completed questionnaires were obtained lor 1,355 
children, or 65.7 percent of the children six to 12 years, 
of age in the school district. Of the 1,355 completed 
questionnaires, data on parental smoking lustnry wav 
complete for 1,138 (#4 percent) caf the children. In the 
remaining 217 questionnaires. either maternal or 
paternal or lx>th smoking histories were unrecorded or 
incompletely recorded. The proportion i>f children' 
with incomplete or no parental smoking history who 
had cough with or apart from colds, congestion or 
bringing up phlegm, or had chronic lung diseases was 
not statistically significantly diflercnt from the pro|>or- 
tion of children with parental smoking histones who 
had these symptoms. These questionnaires were elim¬ 
inated isi! subsequent analysts. Forty-nine percent of 
these children were males, and 51 percent were 
females. Five percent of the children lud established 
diagnoses of chronic respiratory diseases. Two had 
cystic fibrosis. cmc had pulmonary tu Ik* rculosis. two 
had diagnoses of chronic bronchitis, and 49 had 
asthma. When we compared the 200 randomly se¬ 
lected nonrespondent families to our study popula¬ 
tion, we found no statistically significant differences in 
the proportion of parents who smoked at home. The 
proportions of children who had cough with colds, 
cough apart from colds, or who had congestion or 
bringing up phlegm with or apart from colds were not 
significantly different among the hit) groups 

Fifteen percent of the parents completing the ques¬ 
tionnaire indicated they had bronchitis, emphysema, 
asthma, or other chronic respiratory condition.,AVe 

clmmfc 

fence' colds. 


Tabic 1 —Proportion of Children with Cough irifA Colds or Hospitalized for Chest Proldems Before Age 2 Tears, by History 

of Parental Smoking and Home Cooking Fuel Used 


Homr Cooking Fuel 

Parrots) Smoking History 
(Yes “ Parent Smokes) 

Percentage of Children A fleeted 
ffiKal Numlwr uf Children in ibe liroup) 

Father 

Mother 

Cough With Cobb 

HwpiiiliutMtn For 
CIh-vI Ulurwev 

Gas 

No 

No 

32 «(U7) 

5.1 (13%) 

Cas 

No 

Yes 

35 7 ito) 

7 1 vlsy 

C^i 

Vts 

No 

as 6 iion 

h u nm» 

Gas 

Vri 

Yc* 

306)111) 

90 (112) 

F.lnirtcitv 

\» 

No 

2h 9 iMA) 

2 1 (34) 

KltilrKiiv 

No 

Vrt 

37 7 (t»'t) 

H0 (Ann 

ElrcifKitv 

Vrv 

Nu 

37.7 ityj; 

5 6(17%) 

Clectrieitv 

Yrv 

Yrv 

44 5 * 1.7 I) 

1 2(172) 


» 
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Table 2— Association of Parental Smoking end Go* Cooking with Hospitalization of Children Before Age 2 Years for 

Befjnratory lllnrtnet 


liKlepemletit 

Variables 


No. of C3»ikWn 
Iflo^pittUiAenJ for 
Chest Illnesses 


Furl used for 


home 

Cas 

Eletirioty 

Ye* 

28 

25 

No 

330 

736 

Parental tmokittg 

Father alone smokes 

IB 

260 

Mother akme smokes 

B 

90 

Father and mother smoke 

13 

*71 

Either nr both parent* smoke 

99 

621 

Neither parent smoke* 

14 

465 



4 risk 


in the children! II 


Chills ItaUn 

SE 

p-V.il ue 

24 

0 684 

0.001 

10 



2.3 

0.K56 

0.022 

2.9 

1.239 

0.026 

1.6 

0 836 

021 

2.1 

0666 

0.017 

1.0 

. . . 

. .. 


CPUjd) apart from cold, or bringing of phlegm with o^j 
jjq&ft from colds. Of the 1,138 children; 31 percent 
lived in Ironies where gas w,is used for cooking, and 69 
percent lived in homes where electricity was used for 
cooking. Tit ere was a significant association between 
parental smoking and the use of gas for cooking. 
Fathers smoked in 224 (56.4 percent) of the 397 homes • 
where gas was used for cooking, compared to 366 (46.6 
percent) of the 786 homes in which electricity was used 
for cooking (x*“ 10.28, p<0.001). Similarly, mothers 
smoked in 180 (40 8 percent) of the 441 homes in which 
gas was used for cooking, compared to 292 (33.7 
percent) of die Wifi homes in which electricity was used 
for cooking (x’-6.33, p<0.05). Tile proportion of 
children with chronic respiratory symptoms by paren¬ 
tal smoking and use of cooking fuel arc shown in Table 
1. 

Tlie use of gas for cooking was associated with an 
increased risk of I Hospitalization of the children before 
age two years Irocause of ehest colds and other respira¬ 
tory^ illnesses (odds ratio m 2.4) independent of 
parental smoking (Tabic 2k 

smoked 


ing increased the risk of uccunei 


^ffSes^pfi^rnahle 3)..Other than the possihil^ 
of wheezing and whistling sounds in the chest with 
colds, none of the dependent variables in Table 4 was 
significantly associated with parental smoking and/or 
use of gas for cooking. Also, the frequency of occur¬ 
rence of car infections in the children !>etween ages 0 
to two years, or two to five years, or the occurrence of 
wheezing with exercise was not found to lie associated 
with parental smoking or use of gas for cooking 
Tlie mean standing height of 144.2 cm and weight of 
37.8 kg for children whose parents smoked was not 
significantly different from the mean standing height of 
145.6 cm and weight of 38.7 kg for children whose 
parents did not smoke. Mean values for initial mea¬ 
surements of pulmonary function Indore the inhaled 
isoproterenol did not differ significantly between chil¬ 
dren from smoking and non-smoking families. Signifi¬ 
cant dillerences in mean values were not seen after 
bronchodilator inhalation ill the children from non¬ 
smoking families, but were apparent among children 
from smoking families for the measurements of 
FEF75, FEV„ and FEF25-75 (Table 5) The mean 
values of the measurements of lung volumes for the 
two groups of children were not statistically different. 
Because 28 t-tests were performed for these analyses, 
adjustment was made by accepting only l-tests with p 


Table 3— Association of Parental Smoking, and Cos Cooking seith Occurrence of Cough irilh Colds in Children 

I - -■ '... ! — ■' — . ... -"J" =^== ■ ' i= - 

No. of Children 

Imlepernlent with Sym|>Um»* uf 

Yarudik-% Coughs with CuM* Oddi tUlio SE f 

Fuel ujrd Utr 

home cnoking Ye* Nt> 

Cm 125 232 0 9 0 123 

Efodricily thb 4U5 1.0 

t4rmtal kinoim* 

Kjihrt unoltu 100 1T7 1.4 4k 22*4 

Mother *ln*r mimAcs 36 61 1.5 0 3-1*1 

Father mh! muther smoke 11 1 173 1.6 0 235 

KkIm-t nr Imth parent* tmnkr 247 411 1.5 0 1*M 

Nrilln-r |utml viimlck 144 .366 10 


SmunQ and &M Coo***) n ArwMrMwy D*mim o * Cmmx if»» ** a) 
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Table 4—Rtiation*kip of Parental Smoking and Cooking Cat tcith Occurrence of Respiratory Symptom* in Children 


No of Children t 

with Respiratory Symptoms 


Independent 


— Variable 

Yes 

No 

Odds Ratio 

SE 


p-Value 

L Chest conceit Km and phlegm 
* with colds 

Gas 

70 

307 

1.1 

0.166 


041 

Electricity 

m 

633 

10 

..... 



lather alone smokes 

46 

130 

1.0 

0213 


062 

Mother alone smokes 

19 

78 

1.3 

0.363 


040 

Father and mother smoke 

54 

129 

1.2 

0.363 


0.28 

Either or both parents smoke 

119 

537 

1.2 

0.166 


0.33 

Neither parent smokes 

77 

433 

10 

• ... 



if Chest congestion and phlegm 
•part from cold 

Cos 

17 

345 

10 

0.302 


0.99 

Electricity 

35 

70H 

10 

... 


» « » 

Father alone smokes 

12 

*58 

09 

0.345 


0 66 

Mother alone smokes 

7 

87 

1.6 

0.730 


0.30 

Father and mother smoke 

11 

*64 

0 6 

0317 


0 64 

Either or both parents smoke 

30 

609 

1.0 

0.266 


0 96 

Neither, parent smokes 

12 

444 

1.0 




3. Wheeling ami whittling sounds 
in chests with colds 

Cos 

1W 

273 

1.0 

0 154 


056 

Elect holy 

m 

564 

1.0 


V 


Father alone smokes 

74 

202 

1.2 

0.210 


or 

Mot Iter ak'mr smoke* 

30 

67 

15 

0.352 


0 12 

Father ami mother smoke 

Mi 

liw 

14 

0 241 


0 03 

Either or Isotli parr-nts smoke 

190 

457 

13 

0 165 


0 03 

Neither parent smokies 

112 

370 

1 0 





4 Wht-e/mg amliwhisthni! mmiikI 


in chest apart I mm cold* 


Cav 

2*1 

325 

09 

0.222 

0 60 

Elect rKity 

61 

647 

0 1 



Faiht-r alone smokes 

21 

235 

1.2 

0.329 

0 52 

Mother alone smokes 

14 

73 

*2 

0751 

©02 

Fattier and mother smoke 

16 

244 

Oh 

0.239 

0.3‘) 

Either or Imth (urrtits smoke 

54 

552 

11 

0257 

0.55 

Neither turent smokes 

36 

421 

10 



5. Attack* of whre/atiK with 






shortness of breath 






Cas 

30 

345 

07 

0 158 

0 12 

Electricity 

63 

679 

10 



Fatlnrr aUir smokes 

25 

251 

OH 

0 211 

0 48 

Mot Iter alone smokes 

12 

65 

1.1 

0 359 

0 70 

Father and mother trrwAe 

22 

261 

07 

0. ft HI 

0 14 

Either t* lioth parents smoke 

60 

597 

06 

0 161 

0 29 

.Neither |urent smokes 

53 

425 

1.0 

. ... 



values of <0 002 as significantly different at a 0.05 
confidence level (0.05-r 28 * 0.002)The mean percent¬ 
age changes in the pulmonary function measurements 
(calculated as the differences Ik? tween the postvalue 
and prevalue divided by the prevalues for each pa¬ 
tient). however, did not differ significantly between the 
two groups of children (using an unpaired l-testl. 


Discussion 

Respiratory symptoms and illnesses occur fre¬ 


quently. particularly tn the temperate regions of the 
worlds in preschool and school-age children. Only 
recently has it been appreciated thatparental smoking 
at home may l>e associated with an increased risk of 
occurrence of respiratory symptoms in children. A 
JM^ietr^^liospitalization of the children before 
dlric*iwr ^ 



pneumonia. 


ironcluxhbtor among childrei 
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Table 5—Flcm> RaUt of Children Before ond After tnholed hoproteimol 


Variables 

Children of Smoking Parent! 


Children of Nommofn^ Parents 


Mein (SE) Measurements of Flow 
lUtn and Lung Volumes 

Mean (SE) Measurements of Fk*» 
Kates and Lung Volumes 

Preisoproterenol 

Fottisoproterenol 

P* 

Prr isoproterenol 

Pbs (Isoproterenol 

P* 

rtr r 

5.11 (0 13) 

4.97(0.13) 

0 11 

5 10 (013) 

5 05 (0 12) 

0.42 

FEF25 

4.18(0 12) 

4.15 (0.12)' 

0,71 

4 34 (0.!in: 

4.23(01) 

Oil 

rtr so 

3 22 (0 09) 

3.35 (0 09) 

0.02 

3.25 (0 09) 

3.36(0 09) 

0.07 

FEF75 

1.52 (0.05) 

1.76(0.07) 

O.OOOlt 

1.56(0 06) 

1.69 (0 07) 

0:11 

FEV, 

2.23(0.05) 

2.27(0.05) 

O.OOOit 

221 (0 05) 

223 (0 116) 

0 34 

FEV, 

2.52 (0.06) 

2.52 (0.06) 

0.48 

2 47 (0 06) 

250 (0 07) 

0 17 

FEF25 7S 

2.60 (0 08) 

282 (0.0H) 

000011 

160 (0 07) 

276 Ml 09) 

0.03 

FVC 

2.55(0 06) 

257 (0.06) 

0.18 

1.51 (0 071 

253 (O tH) 

0 13 


•Pairrd rtest comparing initialipulmonery function measurement* and postbroocbodibti* values. 
♦Significant at 0.0ft level after adjusting Ibc the performance at 28 t-tests. 


smoking parents is an interesting additional observa¬ 
tion perhaps consistent with previous reports of in¬ 
creased bronchial reactivity in cigarette smokers with 
norma! lung function* and an association between 
symptomatic astluna in children and parental smok¬ 
ing.* 

Parental smoking may be associated with diHcrcnt 
types i^espiriitory illnesses in infancy comparrd to 
tilt* school age. Fergus*! in et aP found an increased risk 
of infantile lower respiratory illnesses in the last eight 
months of the first year of the infants life to be 
associated with maternal hut not paternal smoking. 
Similarly. Colll*y et at 1 found that infantile pneunmnia 
was more t'ommon when lx>th parents smoked than 
when neither patent smoked The risk was intermedi¬ 
ate when only one parent smokedi These results are 
consistent will) our findings that Iwspitalizatkm of 
cb^ren in the first two years of life lor broodliUs and 
pitdimoniawas associated with parental smoking 
~~ However, Fcrgusson cl al‘did not study the association 
of parental smoking and use of gas for cooking on 
respiratory infection rates. Their study is different 
from ours alu>, in that they studied respiratory infec¬ 
tion rale between lour and 12 months of life. Their 
study was prospective-retrospective in design, and 
therefore, parental recall may have been more reliable 
than in our study. In the first year of life, an infant is 
likely to spend proportionately more tune with the 
mother than the father. Thus, the age of the child at the 
time”uf the administration of the respiratory question¬ 
naire may have been an important factor in the finding 
that maternal but not paternal smoking was associated 
with respiratory illness in the child. 

Weiss ct al* reported a dose response between 
prevalence rate of symptoms of persistent wheezing, 
cough, and phlegm in children and parental smoking 
The rate of occurrence of symptoms in children was 
highest when both parents smoked, intermediate 
when cither parent smoked, and lowest when no 


parent smoked. However, the authors also found a 
strong association l>etwcen the occurrence rate of 
these symptoms in the children and the prevalence 
rate for such symptoms in the parents. We (buuda- 
significant association lietween parental smoking and 
*lhc prevalence of rough with colds in the children?^ 
However, we did not find any association bctwertL. 
parental smoking or the use of gas cooking and the 
reported incidence of cou gh apart from colds and chest ‘ 
congestion and bringing lip phlegm with or apart from _ 
colds, lua study of children whose ages wore si mil.n to 
the children in our population. bmvevci, Colley 7 found 
an association between parental smoking and the 
occurrence of cough during the day or at night in 
winter in the children He also found an association 
between parental smoking anti bunging up “any 
phlegm from the chest first thing in the morning m 
winter" by the children. The lack of ass4x.nation bey 
tween tliese variables and paren tab smoking in otir 
study inay. be atlributolde lo tlic^ phrasing of the 
questions in the ATS-DLD qnestionnainv wliere "in 
the morning" was not specifically tmmlwugh^and 
where phlegm production was, sougli^frt wSociation 
with chest colds rather than "in winter. Slight changes 
in the phrasing of (questions can result in substantial 
differences in the type of res|>oiises one obtains.* Jr -- 
Flory et al* showed an association between the levels 
of NO, in kitchens and l>cd rooms of the homes, and the 
prevalence of respiratory illness in primary school- 
children. This association was independent of the 
childrens age, sex, social class, and the number of 
cigarettes smoked at home. In another study, children 
six to 11 years old from household* with ga* stoves had a 
history of more frequent respiratory illnesses Indore 
age two years compared to children from homes where 
gas was not used for cooking 11 In a study of 
schoolchildren in Englimd and Scotland, a reported 
incidence of coughs, colds going to the chest, and 
bronchitis in children from homes using gas fur cooking 
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was significantly higher than for children from homes 
where electricity was used.® Melia et *1*® demon¬ 
itrated that the association between respiratory illness 
and gas etching tended to disappear as the children 
crew older. 

The nature of the association of respiratory symp- 
wns tn children and gas cooking in the home is yet 
i nclear Two oxides of nitrogen, nitric oxide (NO) and 
n tnigen dioxide (NO,), are produced in varying con- 
mt rations in homes with gas stoves. & ® It has been 
observed that acute exposure of man and animals to 
high levels of nitrogen dioxide (NO*) can cause pulmo¬ 
nary edema and deathi® 

A significant reduction in FEF25-75 values was 
observed in children who smoked, as well as in 
children whose parents smoked but who were non- 
Mnokers themselves. 11 At least one group of investiga¬ 
tors has found no association between parental smok¬ 
ing and lung function measurements of the children. r 
In these studies, the children did not receive an 
inhaled hronehodilator drug. Inhaled biunehodilator 
medication wsts administered to children in our study, 
ami ue olist rwd statisticallv significant differences in 
the im an values of FEF75, FEV,. and FEF25-75 for 
children whose parents smoked com|wml to those 
whose parents did not smoke. The clinical importance 
of such observed differences in the absolute values ol 
pnlinonary 111111 * 11011 ! measurements is. however, un¬ 
clear. 

In a recent study of children six to II years oh If mm 
householdk w ith gas stoves, smalllhul significant diller- 
eiicrs were found in FEVj and FVC corrected lor 
height, compared to children from homes where gas 
was not used ioi cooking. “These families tended to be 
poorer and were in the lower socioeconomic class. 
Flory et ab found no significant relationship Isetween 
lung function measurements and concentrations of 
NO, in either kitchen or lied town. Lung function 
measurements of |>eak expiratory flinv rates (PEHI) 
and KE 1*25-75 for children from homes with gas stoves 
were not significantly higher than measurements for 
children from homes with electric stoves. Ilasselblad 
ct al, u ’ however, found pulmonary function sug¬ 
gestively decreased among nine- to 13-year-old girls in 
homes with gas stoves and nut among younger chil¬ 
dren: 

Based on the findings of this report and from 
previously published findings, one is led to conclude 
that parental smoking is associated with a risk of certain 
respiratory illnesses and symptoms among children 
living in the same environment. An independent but 
similar effect is suggested for gas cooking. Children 
from homes where parents smoke had increased reac¬ 
tivity of airwavs alter broncluxlilator therapv, but it is 
not known if these changes persist or have clinical 
consequences. 
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LONGITUDINAL STUDY OF THE EFFECTS OF MATERNAL SMOKING ON PULMONARY 

FUNCTION IN CHILDREN 

Ira B. Tager, M.D., M.P.H., Scott T. Wuw, M.D., M.S., Alvaro Munoz, Ph.D., 
Bernard Robner, Ph.D., and Frank E. Sfeixer, M.D. 


Abstract We investigated the effects of maternal ciga¬ 
rette smoking on pulmonary function in a cohort of children 
and adolescents observed prospectively for seven years. 
A multivariate analysis revealed that after correction for 
previous forced expiratory volume in one second (FEV t ), 
age, height, change in height, and cigarette smoking in the 
child or adolescent, maternal cigarette smoking signifi¬ 
cantly lowered the expected average annual increase in 
FEV, (P • 0.015). On the basis of this analysis, It is esti¬ 
mated that if two children have the same initial FEV,, age, 
height, increase in height, end personal cigarette-smoking 

P REVIOUS studies have suggested 1,4 that mater¬ 
nal cigarette smoking influences the level of lung 
function in children. Most of these studies 1-4 used 
analyses of cross-sectional data that left unanswered 
questions concerning the quantitative influence of ma¬ 
ternal smoking on the development of lung function in 
children over time. As pan of an ongoing study of 
childhood risk factors for the development of chronic 
obstructive airways disease, we investigued the effects 
of maternal cigarette smoking on pulmonary function 
in a cohort of children observed prospectively for 
seven years in East Boston, Mass. 

Methods 

Sanction and Screening'of Sample 

A 34 percent random umple was selected from til children five to 
nine year* oT a|e who were enrolled in the public and parochial 
schools of East Boston, Mass., in September 1974. Between January 
and June 1973, using materials provided by the Division of Lung 
Diseases, National Heart; Lung, and Blood Institute interviewers 
visited the households of the index children and enumerated all 
residents. The residents of these households, plus the index chil¬ 
dren, constituted the initial study population. Initial examination of 
the subjects was conducted in a special neighborhood clinic between 
January and June 1973. Index subjects were visited in their homes 
during the school year (September to June), tor six annual fbHbw-up 
examinations; other family members were visited in their homes 
only Cor follow-up examinations 3 through 6. Follow-up interviews 
were conducted, whenever possible, within four calendar weeks of 
the date of the previous year’s interview, usually between 2:00 pjn. 
and B.-00 p.m. For the initial and Erst two follow-up examinations, 
tw© interviewers were employed. All subsequent examinations were 
performed by only one of the two original interviewer s 
Standardised questionnaires were used to obtain a history of res¬ 
piratory symptoms and illnesses, as well as a smoking history and 
demographic data. At the initial examination and first two foUow 
«p examinations, separate questionnaires were used for subjects 


From Ac CMnw'ng Labo rat ory. Deparuncst «f M e dic in e . Brigham sad 
Women's Hospital, the Divisions of Iftfaettcurt Diseases md Mmoosry Medi¬ 
cine. Beth Israel Hospital, and the D ep a rtmen t of Pnrawh* Madicmc aod Ow¬ 
es) Epidemiology, Harvard MSd*ea) School, Bouoo. Address icpriai requests kc 
Dr Taper at Qtanning Laboratory, ISO Longwood A *c., Boston, MA 02115. 

Supporudby i pram (HL2232I) from the Dmwon of Luag Ducam. NaooaaJ 
Mean. Lung, and Stood inatuuu Dr. Wcisi is dw recipient of a etmicalurrasftgv 
•or awart 041100740) fma *c Dtmioo of Long Diseases. National Ham. Laug. 
ond Blood lot wan. 


history, but the mother of one ha$ smoked throughout the 
child’s IHe where as the mother of the other ha* not, the 
difference In the change in FEV, over time In the exposed 
child, as compared with that In the unexposed qhild, will be 
approximately 28,51, and 101 ml after one, two, and five 
years, respectively, ora reduction of I0i7,fi.5, and 7.0 per 
cent respectively, in the expected increase. These results 
suggest that passive exposure to maternal cigarette 
smoke may have important effects on the development of 
pulmonary function in children. (N Engl J Med 1983; 
309:699*703.) 

under 10 yean of age and for subjects )0 yean or older. A common 
questionnaire was used for all subjects in the third through sixth 
follow-up examination*. The questions relating to chronic respira¬ 
tory symptoms wrre proposed for lung-program epidemiology stud¬ 
ies by the Division of Lung Diseases, National Heart, Lung, and 
Blood Institute.* For children aged ID or younger, the parents an¬ 
swered all questions except those pertaining to the child's own 
smoking history; all other children a ns wtredaU questions them¬ 
selves. A smoking history was obtained directly from all children 
during pulmonary ^function testing — a time when parent* were not 
present. 

Pulmonary-Function Tasting 

Forced vital caparity was measured while the subjects were in the 
sitiing position, without nose dips, using an B-iiieT water-filled, 
portable, recording spirometer (Survey Spirometer^ Warro* Col¬ 
lins, Braintree, Mass ), which was calibrated according to a regular 
schedule. Subject* were encouraged to perform the tot until five 
sccepiable tracings had been obtained or until it became evident 
that they could not perform it adequately. For children in the pre- 
teen years, pulmonary-function tracings were considered acceptable 
if they wtre at hast four seconds in duration (all other subjects were 
encouraged to blow for at least six seconds) and if the interviewer 
thought that a maximum effort had been made. 

One-second forced expiratory volume (FEV,) and forced expira¬ 
tory flow berwrtft the 25th and 73 th per cent offorced vital capacity 
(FEFf^. 7 *) were measured by standard techniques.* When mean val¬ 
ues were used* they were calculated as the mean of the best three 
of five tracings, as recommended by the Division of Lung Diseases, 
National Heart, Lung, and Blood Institute.* All pulmonaryrfunc- 
bon measurements were corrected to body temperature and pres¬ 
sure saturated with water vapor. Each subject's standing height 
without shoes was measured to the nearest ) 3 cm. Mean function 
values were con v en ed imo per cent predicted values with the nomo¬ 
grams of Dick man ct al* for subjects less than 23 and with those of 
Ferris ct al* 10 for subjects 23 or older. 

Definitions of Cigarette Smoking 

At any given examination, subjects who were 20 or older wear 
defined as never having smoked if they had never smoked or had 
smoked no more than one cigarette per day for more than one year 
«r no more than 20 packs during their lifetime. “Current smokers* 
were defined as those who had smoked more than these amounts 
and who had been smoking within one month before the tsme of 
interview, for the initial examination, or for the endrt year before 
and including the time of the interview, for the follow-up examina¬ 
tions. Exsmokers were defined as those who Had stopped smoking 
more than one month before the interview. Subjects 19 or younger 
were considered never so have smoked if they had never smoked or 
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had smoked me move than ow bftrtttt per week, u reported at 
each examination; ocherwbc, they w*rt identified u "ever smokers* 
far that examination. 

Methods of Dots Analysis 

Per cent prediacd values far FEV, and FEF^n far aubjtcu IT 
yean or younger were divided into »a-specific five-year agt groupa 
(3 to 5,10 to 14, and 13 to 19); per cent predicted values far subjects 
aft 70 or older were divided into two sea-specific froupi. Within 
each group, subjects were ranked, and the ranks were then conven¬ 
ed to s cumulative frequency distribution. Each rank was then as- 
signed a Z score from a table of areas under a standard normal 
curve. 1 ' Each soon corresponds to the position of the subject's per 
cent predicted value in the cumulative frequency distribution; the 
mean score in each group was 0, with a variance of I. 

* The mean Z score (FEV,, FEF*v?s) for the first six yean was 
calculated far each child as the average of all yearly values over this 
period. Because a variable number of annual observations was 
available for each child, the children were stratified according to the 
number of observations that were available to calculate their an- 
year mean values. (The median number of measurements was three, 
and the range was one to six. Sixty-two subjects, or 10.2 per cent, 
Bad six measurements; only index subjects five to nine yean 
of age at intake could have had as many as six. Forty per cent of 
the subjects had four or more.) The six-year mean Z scores far 
FEV, and FEF*».» were rank-ordered separately within each stra¬ 
tum. For each King-function measurement, the ranks were grouped 
into the kr»esi 20 per cent, the middle 60 per cem, and the highest 
70 per cent of the ord ere d values. These group!np were then com¬ 
bined far all the strata. This procedure permits comparisons of 
mean values in children who had different numbers of examina¬ 
tions. 

To estimate the effect of parental smoking after comrollinj far the 
effects of the child's age, sex, sniual height, increase in height, and 
personal smoking status, we used a Markov-type autoregressive 
model (Rosner B, et a!.: unpublished data) similar to that proposed 
by Korn and Whiticmore” far a dichotomous outcome. 

Chi-square analyses were performed with programs designed far 
programmable calculators by Rothman and Boies.’ 3 


Results 

The study group consisted of 1156 white children 
from 40 4 families. At each examination; acceptable 
measurements of FEV, were obtained in more than 70 
per cent of the available children (Table l)u The chil¬ 
dren in whom measurements of lung function avert 
obtained were significantly more likely to be younger 
and female than those in whom such measurements 
avert not obtained (Table 1 ), However, the children 
avert comparable with regard to chronic respiratory 


symptoms, mothers’ education, mothers’ smoking his¬ 
tory, and type of home heating. In 75 per cent of the 
children in whom acceptable measurement* of lung 
function were obtained in any given year, two or more 
such measurements avert obtained over the first six 
examinations. 

The, p^ratag^tfcbM whp avert 

oittwmi^ ^fdther.th^tmtuii'or 

sixth^cxamihition, was hi|h^|£^^lKfidren- with 
tbc\k>we*t^^gc; Jev^^^^^r-the first six 
exstninsdons^fFig. l)..TSoKj«3m«rard>deerexsing 
frequencyrof matema! smoking witl^mcreasing mean 
level of FEV^over the six cxamimfon^waa, signify 
cant trends the 

lot^ FEVj. Similarly, analyses restricted to children 
who were cumulative “never smokers” at the sixth 
examination and to those with more than two pulmo¬ 
nary-function examinations gave results that avert 
identical to those shown in Figure 1 . No uniform 
trends avert observed in comparisons of the smoking 
habits of fathers and the mean level of FEV, or 
FEF 25 .T 5 over the first six examinations. 

The results of the autoregressive mode) relating 
change in FEV, over a one-year period to the mother’s 
and the child’s smoking status, after correcting for 
previous FEV,, age, height, and one-year growth in 
height, are given in Table which is 

based on data 


sme 
FEV* 
tbr 
FEVki 

percent. 

The effects, oTthe moth trVand v the child ^.smoking 
habits on tfie"change F£\rajTi^ cHi^appeated to 

de¬ 
tected between these effects. Furthermore, neither the 
main effect of the father’s smoking status nor the inter¬ 
action of the father’s and mother’s smoking habits 
contributed significantly to the prediction of change in 
FEV, in the child. 

The projected effects of the mother’s smoking status 
on the annual rate of change of FETV, in a male child. 
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Tab* 1 r M ed ia n Age and Apt Rang* of Study Population, Accord** to Sax, Number of Examinations, and Presence or Abaanoa of 

Lung-Function Measurements • 
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Figure 1. Ptrcantags of Children wtth Mothers Who Were Cunertl 
Cigarette Smokers at the Initial (large Dots) and Sixth (Small 
Dots) Examinations. According to the Distribution of Mean Age. 
Haight, and Sax-Conected FEV, over the Fast Stx Examinations. 
-Lowest 20%; "middle 60%; and "highest 20 %* rater to children 
with values in the bottom one fifth, middle three fifths, and upper 
one fifth, respectively; of the distribution of mean FEV,. Numbers 
in parentheses indicate the number of children in each group. The 
three drdes above the graph represent the average per cent 
predicted values of FEV, fpr the three groups. The results tor 
male and lemale children were combined, since thare was no 
significant difference between the sexes. 

based on the model, are given in Table 3. The model 
predicted thai over a two-year period, a nonsmoking 
mile child With a currently smoking mother would 
accrue a 488-ml increase in FEV,, as compared with a 
539-ml increase if the mother did not smoke- Over a 
five-year period, the child was predicted to accrue a 
1333-mi increase in FEV,, as compared with a 1436- 
ml increase if the mother did not smoke. If the child 
also smoked, then the accrued FEV, was predicted to 
be only 315 ml over two years and 993 ml over five 
years. Removal of the effect of maternal smoking from 
that of a child who smoked was predicted to mult in 
an increase of366 and 1094 ml of FEV, over twoand 
five years, respectively, as compared with expected 
increases of 539 and 1436 ml 

A similar analysis was carried out for FEF^ts, but 


Table 2. Regression Mode! Relating Change in FEV, over a One- 
Year. Period to Mother's and Child's Smoking Status, after Correc¬ 
tion lor Initial FEV„ Age, Sex, Height, and Change in Height* 
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461 fewer person-years of observation were available 
than for the FEV, analysis, because current stand¬ 
ards* permit the calculation of FEV| from a tracing 
that does not give a valid measurement of FEFjvrs- 
The effect of the mother’s smoking status on FEF^s 
was in the same direction as its effect on FEV,, but the 
difference was not statistically significant after correc¬ 
tion for the other variables in Table 2 (fi * tte 0.0366, 
P* 0.174). 

In a comparison of households in which the mother 
was or was not a current smoker, there was no signifi¬ 
cant difference (P ■ 0.173) in the percentage of moth¬ 
ers who had completed high school (used as a crude 
measure of socioeconomic sutus; 115 of 235, or 48.9 
per cent, vs. 76 of 135, or 56.3 per cent, respectively, 
on the basis of information obtained at the initial ex¬ 
amination). Furthermore, the use of gas stoves for 
cooking (used as a measure of potential indoor pnvi- 
ronmental confounding factors) was significantly 
more common in households with mothers who did 
not smoke than in those with mothers who did (28 of 
133, or 21.1 per cent, vs. 20 of 163* or 12.3 per cent; 
xl m 4.158, P * 0.041; for households present at the 
end of the seventh examination, the first year these 
data were obtained). 


Table 3. Effect of Child's and Mother's Cigarette-Smoking Habit 
on Expected Rats of Growth m FEV, over a Five-Year Period, 
Based on the Autoregressive Model.* 
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Discussion 

Passive exposure to parental cigarette smoking is * 
associated with an increase irftnorbidiry from respira¬ 
tory illness in young children;'* 4 '” Recently, several 
studies have sought to identify the direct effects of 
passive exposure to cigarette smoke on lung function 
in children. Pross-oecponal data on the present eo* 
bort 1 * 2 indicate that parental cigarette rooking, espe¬ 
cially piatemal smoking, is mssodatcdwiih lowered 
levels of lung function in children as young as five to 
nine years. Several other studies have tended to con¬ 
firm these observations. In a cross-sectional study of 
16,689 symptom-free children, Hasselblad and col¬ 
leagues 5 demonstrated that maternal cigarette smok¬ 
ing (number of packs smoked) was a significant pre¬ 
dictor of the level of FEV 0 7 s- Paternal smoking had 
little predictive value. A cross-sectional analysis of 
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4061 children in grade* one through *ix 4 also demon¬ 
strated an effect of parental dgareue smoking on the 
level of FEF^y*. As in our prior study , 1 these authors 
found no cfTea on FEVi or forced viul capacity. The 
greatest effect was observed in female children with 
mothers who smoked. Initially, Sparer et al. found no 
effect of parental smoking**; however, subsequent 
analysis* has shown that children of mothers who 
smoke have significantly lower levels of FEV| than do 
children with mothers who do not smoke. In a study of 
children examined on two occasions over an average of 
15 years, Higgins et all* pbserved that pulmonary 
function was related to parental smoking history. 
Studies of adults in an industrial setting * 5 and in 
households * 6 have shown that passive exposure to 
cigarette smoking has small effects on lung function; 
however, the health implications of some of these find¬ 
ings have been callfcd into question * 7 

Several investigators have failed to establish any 
relation between parental dgareue smoking and lung 
function in children. In a cross-sectional study of chil¬ 
dren, Schilling and colleagues** found no significant 
effect of passive smoking on the levels of and 

XL** (maximal flow when 50 and 75 per cent of the 
forced vital caps dry had been expired), although they 
did observe that the levels were lowest in girls with 
mothers who smoked. However, when their analysis 
was restricted to children who had never smoked, the 
levels ofV_ 30 were significantly reduced in children 
with mothers who smoked. Since these authors used 
XL** so and XL** »> which have a greater degree of 
variability than FEV,, their study population may 
have been too small to detect an effect in all groups of 
children .* 9 Nonetheless, these data are not dissimilar 
to those of Schenker et al . 4 Dodge 50 failed to find any 
effect of parental smoking on changes in lung function 
in children studied over a four-year period, but this 
investigation used relatively insensitive analytic tech¬ 
niques. Finally, Lebowitt et al . 31 observed that after 
correction of children’s lung function for the age and 
the body mass of their parents and for the children’s 
body mass, there was no correlation between 2 scores 
for lung fun coon in children and parents. However* ii 
is likely that this analysis was too insensitive to detect 
any effects of parental smoking, since the numbers 
were very small (the largest number of subjects in any 
group was 96). 

Our longitudinal study detected a significant effect 
of maternal dgarerte smoking on the change in a 
child’s FEV,, after controlling for the previous level of 
FEV|, age, sex, height, change in heigh;, and the 
child's personal cigarette-smoking habit. The data in 
Table 3, which suggest that after five years, the lungs 
of nonsmoking children with mothers who smoke grow 
at only 93 per cent of the rate of growth in non¬ 
smoking children with mothers who do not smoke, are 
certainly plausible in terms of the magnitude of the 
effect that one ought predict for an environmental pol¬ 
lutant such as cigarette smoke. The me of the effect is 
c on sis t e n t with that hypothesised to be sufficient as an 


underlying risk predictor for obstructive airways dis¬ 
ease in adult lift" Among the subjects in our analysis, 
socioeconomic status (assessed as maternal education) 
and exposure to gas cooking stoves did not appear to 
be responsible for the observed association between 
maternal smoking habit and rate of growth of Jung 
function. •* 

It is possible that the effect of maternal smoking — 
at least in the postnatal period —is indirect. For 
example, there is an increased occurrence of acute 
respiratory illness in the children of mothers who 
smoke, as compared with the children of mothers who 
do not. 14 " 25 Most of this effect has been observed dur¬ 
ing the first two years of life — a time when the lung 
may be particularly vulnerable to the long-term ad¬ 
verse consequences of such illnesses.* 5 - 54 Thus, the ob¬ 
served effects of maternal cigarette smoking may be 
the consequence of structural changes that result di¬ 
rectly from acute lower-respiratory illness early in 
childhood or indirectly from the long-term conse¬ 
quences of alterations in airway reactivity that may 
result from such illnesses. 54,55 

Our study also shows that smoking habits in chil¬ 
dren have a substantial negative effect on the rate of 
increase in FEV,. A similar negative effect was also 
observed in the analysis of FEF^y* (P « 0.058). 
These results reinforce the already existing body of 
cross-sectional data suggesting that even a relatively 
k>w level of direct tobacco exposure in children and 
adolescents has measurable effects on pultnonary func- 
tion. 56 " 55 

In summary, these data suggest that maternal 
smoking contributes torn reduction in the rate of devel¬ 
opment of lung function in children and, along with 
the child's own smoking habits, may be important in 
the development of chronic obstructive disease of the 
airways in adult life. 

Aidadxm: Since submission of this manuscript, *t have devel¬ 
oped an algorithm to compute the parameter a titrates given in 
Table 2, with adjustment for the imr* class correlation between chil¬ 
dren in the same households. The results of the analysis art essen¬ 
tially unchanged {mother’s amoving -0.0203, P * 0.03). The a); 
forithm is available from the authors upon request. 

We art indebted to Kay Mooradiaa and Mary Folsom, who ob¬ 
tained the data, and to Randy Whitfield and Vincent Carey, who 
provided the computer programming. 

Rotmnces 

Tagcx D, Wafas ST, Homer B, tpeatr FE Effect of parmal ofj r tm 
anotiru cm far pulmonary fcacxka of cfaiMna. Am J Ep^rmio? 1179. 
1)0:15-26. 

Weiss ST, Tager IB, Speucr FE Hemr I. Bcninrw wfcacse. ha lekuen m 
ntfinaory illness, eifftmte **otm*. and Jr*e) of pUmonary fencoen aa 
populate aamptc of cfeJdrcs. An Rrv Ropu Du 1910: 122^97-XJT 
H*aatiW*d V. Humble CG, Graham MC, Aadenoa MS ftMfcot 
menu} deterrafaama of fang fcaoioa fa efaiidraa. An RrvJUspar D» 19S1; 
I23<7P43. 

Scbeakcr MB. few J. Raocrtrue $. Ipciaer FE. A* epidemioJof * wm&y 
•f «ir po) luuoe effect* on childhood mpuwory dfaeaat. An Xr> Reapif Dfa 

mh 125 |4: Fan 2}:MJ. M-onct. 

Dockery DW, Wart JH. Speiur FE Fenfa BC Jr. Fttrlbruawy tampfafad 
amlyris of pJmonary fencuoe fa acbooi dukben fa far SuOues SAtdy. 
Am Rev Reap» Du J9t2. 125 (4: Fan 2*145. fa*tr»CL 
H<0fas MW, Howao W. Keller TV. Ch~:thoad ^ctmm of iM fang 
fcactioa. An Rev Raepv Du 1912. 125 (4- F*ft2*>45. ateracs. 


1 . 

2 . 

y 

4. 

5 . 

i 


f 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383178 




ndustrydocuments.ucsf.edu/docs/nmyxOOOO 


VoLX» Ko-IJ EFFECTS OF MATEKNAL tMOKINO —TACER ET AL. 















Tager, I.B., Weiss, S.T., Munoz, A., Rosner, B., Speizer, F.E. 
"Longitudinal Study of the Effects of Maternal Smoking on Pulmonary 
Function in Children" N Engl J Med 309: 699-703, 1983. 

ABSTRACT. We investigated the effects of maternal cigarette smoking 
on pulmonary function in a cohort of children and adolescents 
observed prospectively for seven years. A multivariate analysis 
revealed that after correction for previous forced expiratory volume 
in one second (FEV1) , age, height, change in height, and cigarette 
smoking in the child or adolescent, maternal cigarette smoking 
significantly lowered the expected average annual increase in FEV1 
(P=0.015). On the basis of this analysis, it is estimated that if 
two children hawe the same initial FEV1, age, height, increase in 
height, and personal cigarette-smoking history, but the mother of 
one has smoked throughout the child's life whereas the mother of 
the other has not, the difference in the change in FEV1 over time 
in the exposed child, as compared with that in the unexposed child, 
will be approximately 28, 51, and 101 mi after one, two, and five 
years, respectively, or a reduction of 10.7, 9.5, and 7.0 percent, 
respectively, in the expected increase. These results suggest 
that passive exposure to maternal cigarette smoke may have important 
effects on the development of pulmonary function in children. 
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Tashkin, D.P., Clark, V.A. , Simmons, M., Reems, C., Coulson, A.H., 
Bourque, L.B., Sayre, J.W., Detels, R., Rokaw, S. "The UCLA 
Population Studies of Chronic Obstructive Respiratory Disease 
VII. Relationship between Parental Smoking find Children f s Lung 
Function" Am Rev Respir Pis 129: 891-897, 1984. 

SUMMARY: Results of previous studies of the impact of parents' 
smoking on children's lung function have been conflicting. To 
evaluate further the effect of passive smoking on the lung function 
of children, we analyzed respiratory questionnaire and lung function 
results obtained during field testing of residents (aggregated 
according to household) of 4 census tracts in the Los Angeles area. 
We report here on 971 white, non-Hispanic, nonsmoking, nonasthmatic 
children residing in households In which the smoking status of 
both parents was known; households with ex-smoking parents were 
excluded from analysis. We divided these children into 3 categories 
related to parental smoking status: (1) at least mother smokes, 
(2) only father smokes, and (3) neither parent smokes. Prediction 
equations for several indexes of forced expired volume and flow 
were derived separately for boys and girls 7 to 17 yr of age. 
Analysis of variance was used to compare lung function residuals 
of children in the 3 different passive smoking categories. Analysis 
was performed separately on younger (7 to 11 yr of age) and older 
(12 to 17 yr of age) children of each sex. Among younger male 
children, residual values were significantly lower in the maternal 
smoking category than in the other 2 household categories for 
maximal flow and maximal flow after exhalation of 25% of forced 
vital capacity (FVC)' (p < 0.05)? no differences were noted between 
the paternal-smoking only and nonsmoking household categories. A 
trend toward similar results was found in older male children, 
which approached significance (p < 0.1). Among females, forced 
expiratory flow during the middle half of the FVC and maximal flow 
after exhalation of 75% of FVC were significantly lower in relation 
to maternal smoking in the older children only (p < 0.05) . ANOVA 
revealed no decrement in lung function in relation to passive 
smoking among children with asthma or bronchitis (n+138). No 
differences were noted by chi-square analysis in the frequency of 
any respiratory symptom comparing children in the different passive 
exposure categories. We conclude that passive exposure to at least 
maternal smoking (but not to paternal smoking alone) affects the 
airways of younger boys. The apparent effect on the lung function 
of heavily exposed older girls is more likely to be confounded by 
selective underreporting of "active smoking." 
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VII. Relationship between Parental Smoking and Children’s Lung Function'* 1 


DONALD P. TASHKIN, VIRGINIA A. CLARK, MICHAEL SIMMONS, CATHLEEN REEMS, 

ANNE H. COULSON, LINDA B. BOURQUE, JAMES W. SAYRE, ROGER DETELS, and STANLEY ROKAW 


Introduction 

XTabitual inhalation of the combus¬ 
tion products of tobacco is known to 
adversely affect the health of active 
(voluntary) smokers (1). Considerably 
less is known about how tobacco 
smoke affects the health of involun¬ 
tarily exposed nonsmokers. Regular 
tobacco smoking produces readily de¬ 
tectable alterations in the structure and 
function of the respiratory tract of 
active smokers. Sidestream smoke con¬ 
tains many of the same constituents 
found in the smoke inhaled by volun¬ 
tary smokers. Thus, the frequent in¬ 
voluntary inhalation of air contami¬ 
nated by tobacco smoke may produce 
qualitatively similar, but quantitatively 
fewer, alterations in the lungs of passive 
smokers. The extent of such changes 
would be expected to depend on a 
number of factors. These include (/) 
the intensity of exposure, which is a 
function of characteristics of the en¬ 
vironment (e.g. f room volume and ven¬ 
tilation), the number of cigarettes 
smoked per unit time, proximity to the 
source of cigarette smoke, and the ratio 
of sidestream to exhaled, mainstream 
smoke; and (7) the characteristics of 
the person exposed (e.g., inherent 
airways sensitivity to constituents of 
tobacco smoke, and ag^. Because 
younger children have immature lungs, 
less immunity to respiratory infections, 
and a greater minute ventilation rela¬ 
tive to body weight, they may be more 
vulnerable to adverse pulmonary ef¬ 
fects of passive smoking. 

Previous studies have investigated 
possible effects of passive smoking on 
the occurrence of respiratory infections 
and symptoms in infants and children 
with variable results. A relationship has 
been found between parental smoking 
and the incidence of lower respiratory 
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illness in children, but only or mainly 
during the first year of life (2-7). Chil¬ 
dren exposed to parental smoking have 
been found to have a greater frequency 
of respiratory symptoms than unex¬ 
posed children (8-11), However, in 
some studies (8-10), this difference was 
no longer significant when adjustment 
was made for parents' respiratory 
symptoms, possibly reflecting transmis¬ 
sion of infection to children or a bias 
towards reporting symptoms by symp¬ 
tomatic parents. In contrast, an ap¬ 
parent dose-dependent relationship was 
found between parental smoking and 
persistent wheeze in children, which 
was independent of the presence of 
wheezing in either parent (11). 

Studies of the relationship between 


parental! smoking and children's lung 
function have also yielded variable 
results. Schilling and coworkers (10) 
failed to find any significant relation¬ 
ship between parents’ smoking and 
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several indexes of lung function derived 
j ■ from rimed spirometry in boys 7 to 17 
v ' ’ and girls 7 to 14 yr of age, except for 
maximal flow after exhalation of 5(Wo 
of forced vital capacity (Vmax*«) in 
girls in households where only the 
mother smoked. On the other hand, 
lager and associates (12) detected a 
dear trend toward an inverse relation* 
ship between the level of predicted 
forced expiratory flow during the 
middle half of the forced vital capacity 
{FEFj*-,.) as a ranked score in children 
5 to 9 yr of age and the number of 
smoking parents in the household, al¬ 
though this relationship was not statis¬ 
tically significant. The discrepancy in 
findings between these 2 groups of in* 
vestigators may be explained by differ¬ 
ences in the study populations, the ac¬ 
tual levels of exposure to passive smok¬ 
ing, and/or the methods of analysis. 

In view of the conflicting findings of 
previous workers concerning the pos¬ 
sible impact of passive exposure to 
sidestream smoke on respiratory symp- 
. [Qms and lung function of nonsmoking 
children, we further evaluated this 
question by analyzing respiratory ques¬ 
tionnaire and lung function data col- 
lea ed during field testing of residents 
(aggregated according to household) of 
4 census tjacts in the Los Angeles area. 

Methods 

A cohort study of chronic obstructive respi¬ 
ratory disease has been under way in 4 se¬ 
lected areas of Los Angeles County since 
1973 (13-17). The areas were selected to be 
homogeneous in demographic characteris¬ 
tics, and heterogeneous across sites in his¬ 
torical exposure to different levels and types 
of atmospheric pollutants. Ail 4 areas are 
predominantly white and middle class. Resi¬ 
dents ih over 90^t of households in each 
area were enumerated. All persons 7 yr of 
age and older were invited to be interviewed 
and undergo lung function testing in a 
mobile laboratory located in the selected 
areas. The interview schedule consisted of a 
modified National Heart, Lung and Blood 
Institute questionnaire (13. 14) and pro¬ 
vided demographic data and information 
on symptomatology, respiratory and aller¬ 
gic disease history, smoking behavior (pres¬ 
ent and past cigarette use, pipe and cigar 
consumption), history of occupational 
exposure to hazardous substances, and 
residence history. Responses of children 12 
yr of age or younger to questions concern¬ 
ing smoking behavior were not thought to 
be reliable under the conditions of this 
study in which younger children usually 
accompanied their parents to the mobile 
laboratory; therefore, these children were all 
assumed to be nonsmokers. Although simi¬ 


lar reservations were held concerning the 
reliability of responses of teenage children 
to the same questions, the older children 
were asked to respond to these questions. 
Usually (but not always^ the teenage chil¬ 
dren's parents were not present during the 
interview. Lung function measurements 
included tests of forced exhalation (timed 
spirometry, maximal expiratory flow-volume 
curve$)j single-breath nitrogen washout, 
and whole body plethysmography (airway 
resistance, thoracic gas volume at func¬ 
tional residual capacity, and specific airway 
conductance). Data reported in this study 
were collected between 1973 and 1977 dur¬ 
ing the first round of testing in each of the 
4 study areas. 

Households with children 7 to 17 yr of 
age were identified from the household 
rosters. Only households in which one or 
both parents were regular smokers or life¬ 
time non smokers were included in the anal¬ 
ysis. Households in which one or both 
parents were former smokers were excluded 
because of wide variability in the duration 
of abstinence from tobacco among ex-smok- 
ing parents and, hence, in the passive 
smoking exposure of their children. House¬ 
holds with nonparent adults who were 
regular or former smokers or whose smok¬ 
ing status was unknown were excluded from 
analysis, except if both parents in the 
household were already regular smokers 
(see below). Regular cigarette smokers were 
defined as persons who reported that they 
currently smoked more than 1 cigarette per 
day on a regular basis and had done so for 
at least 1 yr Nonsrookers were defined as 
those who had never smoked more ihan 1 
cigarette per day on a regular basis for at 
least 1 yr. Only while children without a 
history of asthma, bronchitis, or other 
reported lung disease who did not indicate 
that they had ever smoked were included in 
the main analyses. While children with 
asthma or bronchitis who were self-reported 
never-smokers comprised a separate group 
for analysis. 

Our sample was derived in the following 
manner. Households were excluded either 
because they failed to meet the stated cri¬ 
teria or because necessary information was 
missing on one or more household mem¬ 
bers. An enumerator visited 9,083 house¬ 
holds. In 5.533 of these; all the members of 
the household 7 yr of age or older partici¬ 
pated in the study. TWenty-seven percent of 
these households, or 1,476, had children in 
the 7- to 17-yr age range who underwent 
pulmonary function testing in the mobile 
laboratory. After excluding households 
with former smokers, and households that 
contained at least 1 nonparent adult who 
smoked (or whose smoking status was un¬ 
known) in an otherwise nonsmoking house¬ 
hold or in one where only one parent 
smoked, 840 households with 1,472 children 
were eligible for study. Children were ex¬ 
cluded who were nonwhite or had a Spanish 
surname. In addition, children who were 


known cver-smokers or had physician- 
diagnosed asthma, bronchitis, or other 
reported lung disease, were excluded from 
the main analysis. This left 1,160 children 
for study. An additional 189 children were 
excluded because questionnaire or lung 
function data were incomplete and/or 
missing, or because their maximal expira¬ 
tory flow-volume curves were technically 
unsatisfactory. A total of 971 children from 
615 households were thus eligible for study. 
These children represent 28ff» of all children 
7 to 17 yr of age in the study cohort and 
66^* of such children who resided in house¬ 
holds that were eligible for study. An addi¬ 
tional 138 white, reportedly never-smoking 
children with a physician-diagnosis of 
asthma or chronic bronchitis were analyzed 
separately. 

Analyses reported here, therefore, are for 
3 types of households: (/) at least mother 
smokes, (7) only father smokes, and (J) no 
one smokes. In all analyses, age, height, and 
area were controlled for in a linear fashion. 
Analyses were also performed separately for 
male and female children and for 2 age- 
defined subgroups of children: those 7 to 11 
and those 12 to 17 yr of age. This latter 
subdivision was made for 2 reasons. First, it 
was desirable to see if younger or older 
children were more affected by parental 
smoking. Second, although no children 
were included in the analyses who were self- 
reported smokers, there was concern that 
some teenagers who actually smoked might 
not report their smoking to an interviewer. 
Families often came together to the mobile 
function laboratory and the members were 
processed consecutively. Knowing that their 
parents were nearby might have influenced 
some teenage smokers to say that they did 
not smoke. On the other hand, younger 
children (even though not questioned as to 
their smoking behavior) arc much less likely 
to smoke, particularly in these middle-class 
areas (1). 

Linear regression equations predicting 
each of 7 indexes of lung function were run 
separately for male and female children: 
FVC, forced expiratory volume in one 
second (FEV,), FEF^n, Vmax, V M , V* 
and V„. Age, height, and geographic area 
(dummy variable) were entered as predictor 
variables. These equations were obtained 
for children without self-reported chronic 
lung disease who came from households 
where everyone was nonsmoking. Residuals 
were calculated for all male and female 
children, using the appropriate equation, 
regardless of the smoking status of their 
parents. One-way analysis of variance (18) 
was used to test whether residual lung 
function results by sex were equal in the 3 
types of households. Mean residual levels 
are set at 2 ero for children who came from 
nonsmoking households (who were used to 
define the equations); The size of the mean 
residual for the other 2 groups is an indica¬ 
tor of the effect parental smoking has on 
these children. One-way analyses of vari- 
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TABLE 1 

NUMBER OF CHILDREN 7 TO 17 YR OF AGE 
BY HOUSEHOLD TYPE 


HoutateM Typa 

Mala 

CMMran 

(ft) 

Famai* 

Child ran 
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Ovarall 

(ft) 

At Mast mother amok a* 

207 

200* 

40 7 f 

Only falter smote* 

W 

93* 
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Evwyote nonsmoking 

190* 

182* 

372 

Total 

496 

475 

971 
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met also were performed on residuals than one child to each analysis is even less, 
across household types within the 2 age Therefore, our analyses were for the most 

groups (7 to 11 and 12 to 17 yr of age), pan based on independent observations. 

Mean residual levels for children from non- For those lung function results in which 
smoking households within these separate the analysis of variance indicated a signify 
groups will not necessarily be zero because cam difference among the mean residual 
prediction equations were based on data levels for the 3 types of households, linear 
from both age groups combined. These contrasts were performed (19). TWo con- 
same analyses were repeated, using one-way trasts were uniformly performed First, the 
analysis of covariance, where age, height, means for nonsmoking households were 
and geographic area were entered as contrasted with those for households where 
covariates. only the father smoked Second the means 

In our analyses, which assume indepen* for households where at least the mother 
dent observations, we did not adjust for smoked were contrasted with the pooled 
sibship size. Therefore, a portion of our means of the other 2 household categories, 
observations lacks independence. However, The significance level, or p value, is pre- 
because our data were analyzed separately sen ted using the / test. This p value is com- 
by sex, this portion is not large, 23% for pared to an a of 0.025 for an overall level 
males and 20% for females. Moreover* when of significance of 5% for 2 contrasts, or 
the data are further divided into age groups 0.05 if only 1 contrast is considered (19). In 
7 to 11 and 12 to 17 yr of age, the portion accordance with standard reporting pro- 
- of the households that contributes more cedures, the significance levels we used 


apply only to 1 lung function test for each 
set separately, not across all lung function 
testa. 

Prevalence of each type of respiratory 
symptom (cough, sputum, increased cough 
and sputum, wheezing, breathlessness, 
acute chest illness) or of any respiratory 
symptom among children from the 3 types 
of households was compared using chi- 
square or Fisher's exact test (20). Individual 
children were judged to have a positive his¬ 
tory for each of the above symptoms accord¬ 
ing to previously published criteria (13, 14). 

FUaults 

A. total of 971 children 7 to 17 yr of age 
were studied in the 4 geographical 
areas. The number of male and female 
children in each of the 3 types of house¬ 
holds is given in table 1. Thirty-eight 
percent of the children resided in 
households in which no one reported 
smoking. If only one parent smoked, 
59% of the time it was the father. Over 
90% of the smoking parents started 
smoking before the birth of the oldest 
of their children included in our analy¬ 
sis. The average ages and heights of the 
children were very similar by type of 
household! 

The mean values of adjusted lung 
function obtained from covariance 
analysis, lung function residuals, and 
the results of the analyses of variance 
computed on the residuals across 
household types within sex are reported 
in table 2. For male children 7 to.IZyr 


TABLE 2 

ADJUSTED MEAN VALUES OF CHILDREN’S LUNG FUNCTION,* RESIDUAL LUNG FUNCTION.t 
AND SIGNIFICANCE LEVELS, t BY HOUSEHOLD TYPE AND SEX OF CHILD 



Oo/inttfon ot •Obtowtionr FVC • tarcad *t t capacity; FHV, » torcad a*p»mt<yy voiiirr* in on* aaeond; TV : mrr% m forced aroratoor 
flow dunng tfta middka half ot tfta FVC; Vmax * maximal tear V*. m. and n • maximal nom anar axnatatton af 25. SO. or 75% ot FVC. 

* From analysis of eowtanca, using aga, ftaignt, and ama as covanatM. 

t From analysts of vsnanca on rmduat*. calculated Mom Hnsai ragraaaiorts ottamsd m eftitdran from nonsmoking aduaanoM m, oamg sga. 
ftaigftt. and araa aa ilia mdaftandani vanabiaa. 
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of age, highly significant differences (p 
< 0.004) were found for indexes of 
Urge airways function (Vmax and V u ); 
a difference of borderline significance 
(p « 0.061) was noted for V w . For 
female children* significant differences 
(p < 0.05) were found only for indexes 
of small airways function (V*» and V TS ), 
the difference for FEF**-** approaching 
significance (p « 0.052). Results simi- 
Ur to those reported in table 2 from the 
ANOVA on the residuals were obtained 
from the covariance analyses. 

Linear contrasts were performed on 
all lung function tests for which the 
analysis of variance yielded significant 
differences. The lung function of chil¬ 
dren in the “only father smokes" cate¬ 
gory, although -higher on the average 
than that of children in the nonsmok¬ 
ing households, was not significantly 
different from the latter. Comparing 
the households ..where; ^l^rTtbe 
mother smoked to the combiru^ aver- 
age of those, where only tfaSf father 
smoked oifno one smoked, significant 

children. 



' ^ nold^caiegories. These p values 
should be compared to an a level of 
0.05/2, or 0.025, because 2 contrasts 
were made for each analysis (20). 

To assess the magnitude of the dif¬ 
ference in lung function for children 
from households where the mother 
smoked, the percent reduction in mean 
values was calculated (table 3). The 

dnaf 

In tables 4 and 5, results similar to 
those presented in table 2 are reported 
separately for children 7 to 11 for chil¬ 
dren and 12 to 17 yr of age. There 
were no significant differences between 
household types in the slopes of the 
pulmonary function variables regressed 
against height and age for the different 
age-sex groups. For male children 7 to 
11 yr of age (table 4), significant dif¬ 
ferences (p < 0.03) were again found for 
Vmax and V**, as well as for V* (p < 
0.04). Among the older male children, 
however, no significant differences 
across household categories were noted 
foT any lung function test, although the 
results for Vmax and V u approached 
significance (p < 0.1). Note that the 


TABLE 3 


PERCENT REDUCTION IN MEAN LUNG 
FUNCTION AMONG CHILDREN IN FAMILIES 
WHERE AT LEAST MOTHER SMOKES 


Lung Function 

Tests 

Matos 

Females 

FVC 

-13* 

1J 

FEV, 

-3.4 

03 

FEF^ 

-5.1 

-15 

Vmax 

-flJ 

-CL5 

v» 

-7.7 

OB 

v* 

-6.6 

-2.1 

v* 

-4J 

-16 


For definition of «MfVMHon*. *M tab* 1 
* Fop roaema ratio of moan residual Ling function vafcrt 
to adjutM overall moan re*»e. eap ra aa ed aa pertenL 


sample sizes for the separate age groups 
are smaller^ so that it takes a larger 
mean difference to obtain significance. 
The results from the linear contrasts 
failed to demonstrate any significant 
differences between the nonsmoking 
households and those where only the 
father smoked for any test of lung 
function. Contrasting the lung func¬ 
tion results fo^ bousehoids .where the 
mother smoked versus the other ?c 
gpries of householdsfo£ mal^chiS 
Tjo ll yr of agt significant difference* 

o> <o.oo5j: 

For the female children (table 5), no 
significant differences were noted 


among those 7*to 11 yr of age, whereas j 
FEF*_„, V*, and V n were significant' 
(p < 0.032) for those 12 to ITt-yr of age. 
The contrasts for V**, Vi*, and FEFa*-r» 
for the older females indicated no sig¬ 
nificant differences between the means 
when nonsmoking households were 
compared with those where only the 
father smoked. In comparing the 
households w^ere the moth^*smoked 
with the average of the otrfer two, sig¬ 
nificant differences were found for V„ 

(p < 0.005) and FEF»-*, (p < 0.02), and 
the difference for V M 'approached sig¬ 
nificance (p < 0.05). 

To evaluate the possibility that quan¬ 
tity of parental cigarette smoking may 
be an important determinant of the 
relationship between passive exposure 
to tobacco smoke in the household and 
children’s lung function, we regressed 
lung function residuals of children 
against the number of cigarettes cur¬ 
rently smoked by their mothers (in “at 
least mother smokes" households) or 
their fathers (in “only father smokes" 
households); The results of these 
analyses failed to reveal any significant 
correlation between children’s lung 
function and the quantity of tobacco 
smoked by their parents among either 
male or female children in either 
parent-smoking household category. 

To assess the effects of passive smok- 


TABLE 4 

ADJUSTED MEAN LUNG FUNCTION VALUES,* MEAN RESIDUAL LUNG FUNCTION VALUES,* 
AND SIGNIFICANCE LEVELS* FOR MALE CHILDREN. 

BY HOUSEHOLD TYPE AND AGE GROUP _ 


Ages 7 to 11 Yr _ _Apt» 12 to 17 Yr, 


Lung 

Function 

Test 

At Least 

Mother 

Smokes 

Only 

Father 

Smokes 

Everyone 

Non- 

smoker 

Signif¬ 

icance 

Level 

At Least 
Mother 
Smokes 

Only 

Father 

Smokes 

Everyone 

Non- 

smoker 

Signif¬ 

icance 

Level 

Ad jut tad mean levels 








FVC 

1J5 

2.01 

2.05 


3.65 

3.73 

177 


FEV, 

1.66 

1.72 

1.72 


3.06 

120 

120 


FHF^ 

1jB4 

2.05 

2.03 


3.43 

3.65 

162 


Vmax 

3.96 

4.17 

4.22 


7.20 

7.74 

7.57 


V* 

3.17 

3.45 

3.44 


5.64 

616 

5.98 


v„ 

126 

134 

147 


3.88 

4.10 

4.10' 


< 

1.13 

1.13 

1.14 


1.91 

113 

105 


Mean residual levels 








FVC 

-0.070 

0.031 

0.044 

0.10 

-0.130 

- 0.102 

-0.040 

0.51 

FEV, 

-0.043 

0.060 

0.036 

0.09 

-0.123 

-0.041 

-1033 

0.37 

fef^ 

-0.083 

0.065 

0.051 

0.16 

-0.199 

-0.022 

-0.045 

0.37 

Vmax 

-0.280 

0.086 

0.112 

0.03 

-0.451 

0.050 

-0.099 

0.06 

v* 

-0.347 

0.076 

0.070 

0.01 

-0.376 

0.126 

- 0.062 

0.10 

v„ 

— 0.196 

-0.060 

0.054 

0.04 

-0.227 

-0.070 

-0.047 

0.45 

v„ 

-0.000 

0.059 

0.031 

0.74 

-0.147 

0.036 

-0.026 

0.21 

Number of 









children 

100 

44 

90* 


107 

55 

100 



For Oottrulton of abbreviation*. lee table Z 

• From analysts of co*an»nce. using ago. batght. and area M covenaias. 

t From analyst* of vartenca on resKfuats. catcuiiiM from linear regression* oeurofl i* enitoran from nonamosmg 
houeebQids. using aga. beigbi, and aroa a* in# tnoapanoam vsnabiam. 

1 Eigmy-eigm (or fef^.^. vmaa. V*. V v„ 
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ipg on children with asthma or bron- 
.chitis (n* 138), who were excluded from 
'the main analysis described above, a 
separate analysis of variance similar to 
that reported in table 3 was performed 
on their residual values. No significant 
differences were found among the male 
asthmatic and bronchitic children 
(n»78) across household categories. 
Among the female children with asth¬ 
ma or bronchitis (n*60), significant 
differences < 0.02) were found foy 
FEFu-n and V*#; for both of these tests' 
of lung function, however, the children 
from nonsmoking households had the 
lowest residuals, and those from house¬ 
holds where only the father smoked 
had the highest. Prevalence of asthma 
among children did not differ across 
the different household categories. 

For nonasthmatic, as well as asth¬ 
matic, children, no significant differ¬ 
ences were found in the number of 
either males or females reporting any 
particular symptom (or any symptom) 
by household type (chi-square test for 
independence or Fisher's exact test). 


Discussion 

The present study indicates that pasjgw 
exposure to at least maternal smoking 
is associated with reduced lung func¬ 


tion in nonsmoking chUdrei^but is not 
related to the occurrence of chronic 
respiratory symptoms in children. Pa¬ 
ternal smoking alone, on the other 
hand, was not associated with any de¬ 
crement in children's lung function or 
with prevalence of respiratory symp¬ 
toms. One possible, but unproved, ex¬ 
planation for these findings is that chil¬ 
dren may be more intensively exposed 
to smoking by the mother, who is more 
likely to spend more time in the home, 
especially during the early life of her 
children, and thus to contribute more 
to indoor smoke pollution. To further 
explore this possibility, the work status 
of the mother was considered. A 
separate analysis of variance was per¬ 
formed wherein households in which 
only the mother smokes but works out¬ 
side the home were contrasted with 
those in which only the mother smokes 
and does not work. These contrasts 
failed to reveal any significant differ¬ 
ences in the residual lung function of 
either male or female children in either 
the younger or older age category. 
These findings, however, do not pre¬ 
clude thfe^possibiliqr that a mother's 
smoking—regardless of wqrL|Status— 


has a greater impact on Jjef* children 


than paternal smoking, becau^ven 
working mothers generally spenif more 
time in the household involved in direct 


TABLE 5 

ADJUSTED MEAN LUNG FUNCTION VALUES/ MEAN RESIDUAL LUNG FUNCTION VALUES,* 
AND SIGNIFICANCE LEVELS* FOR FEMALE CHILDREN,, 

BY HOUSEHOLD TYPE AND AGE GROUP 


Lung 

Function 

Tost 


At Lrat 
Mother 
Smokes 


Adjusted mean levels 

FVC 1.92 1.94 156 115 117 US 

FEV, 1.64 1.55 150 275 255 177 

F£F^„ 100 102 100 131 168 143 

Vma* 192 4.13 188 155 6.70 167 

V* 132 147 129 135 158 133 

V* 139 250 137 187 4.29 4.02 

V* 1.15 1.15 1.15 154 213 1.99 

Metn residual levels 

FVC 0044 0.056 -0.018 0.47 1020 1044 0.019 194 

FEV, 0.017 1023 - 0.013 174 - 0.002 0.099 0.013 125 

FEF m -1090 - 0.075 -1029 050 - 0.103 1274 1030 0.02 

Vmax —1031 1 0.153 -0.050 050 -0.026 1178 1051 0.64 

V» -0.002 0.104 -1047 0.66 0.071 0522 0.049 131 

V* -1100 - 0.002 - 0.060 175 - 0.035 1384 0.064 0.03 

V„ - -1032 -0.037 -1014 195 -1169 1132 0514 101 

-Number of 

children 97 _42*_93*_ 103* 51 89* _ 

For OafttwtioA of aObronttkmm. »m tab+t 2. 

- From anoiyaia at covartanca. uarng aga. and araa as esvanaiaa. 

7 From anaiyaa of *«nanca on rostouaia. catcwlatad from H a oa r rogrosatons oOtamad ta cMloran from nonsmoking 
houaaborda. using ag«. na«gm. ana araa as tna moaoandsnt vanaOiaa. 

' * 41. 92. 102. and M. raaoactNafy. lor FEF^.^. Vmax. V*. V^. 


child care activities than do fathers over' 
the entire lifetime of their children. * 

Our observation of a significant re¬ 
lationship between maternal smoking 
and decrements in indexes of small air¬ 
ways function among girls 12 to 17 yr 
of age but not among those 7 to 11 yr 
of age is consistent with the possibility 
of either a selective adverse effect of 
passive smoking oq older girls or, more 
likely, an “active" smoking effect (21) 
among older girls in the maternal 
smoking household category who 
might selectively be underreporting 
personal cigarette smoking- The latter 
possibility is suggested by our finding 
of an unexpectedly low prevalence of 
self-reported active smoking among 
teenage girls (12^6), including those 
from smoking households. 

In contrast, we observed a more con¬ 
sistent relationship between maternal 
smoking and decrements in lung func¬ 
tion among male children both 7 to 11 
yr of age and 12 to 17 yr of age; this 
relationship was significant for the 
younger boys and approached signifi¬ 
cance for the older male children. 
These findings suggest a passive smotw 
ing effect in boys exposed to matenSr 
tmokiiigr The fact that the decrements 
in lung function in the older male chil¬ 
dren in the maternal smoking house¬ 
hold category did not achieve statistical 1 
significance could be due to greater 
variability in height- and age-adjusted 
hing function among older than among 
younger boys. This is consistent with 
our earlier finding that teenage boys 
are in the phase of lung growth where 
the most rapid rates of change in lung 
function are occurring (22). Moreover, 
“true" passive smoking effects in older 
male children might have been con¬ 
founded and obscured if active smok¬ 
ing behavior were underreported by 
teenage boys to a comparable extent in 
all household categories. Finally, older 
male children from “at least mother 
smokes" households may be subjected 
to less passive exposure to maternal 
smoking than are younger boys because 
of differences in the proportion of time 
spent in the house after school* 

On the other hand, the discrepancy 
in the apparent effect of passive smok¬ 
ing on younger male versus younger 
female children is unlikely to be due to 
differences in involuntary exposure to 
second-hand smoke because, if any¬ 
thing, boys are less likely than girls to 
be exposed to maternal smoking in the 
household because of differences in 
indoor-outdoor play activities. This 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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sex-related discrepancy in the younger 
children could possibly be due to in¬ 
herently greater vulnerability of boys 
than girls to the injurious effects of 
inhaled respiratory irritants. The prev¬ 
alence of asthma is greater in males 
from birth up to 16 yr of age (23). It is 
possible, therefore, that more boys than 
girls in our study sample had latent 
asthma. Such boys may have had rela¬ 
tively greater airways reactivity to the 
smoke contaminating their indoor en¬ 
vironment, leading to a sustained de¬ 
ficit in lung function; 

Our failure to observe a significant 
relationship between the current quan¬ 
tity of smoking by parents and the lung 
function residuals of their children 
suggests that other factors relating to 
parental smoking may have a more 
important influence on children’s lung 
function Such factors (not evaluated 
by us) could include variations in room 
ventilation* in previous levels of ciga¬ 
rette smoking by parents (when their 
children were younger), and in the 
smoking habits of parents in the pres¬ 
ence of their children. 

~ 'Factors that need to be considered as 
possible confounders of the relation¬ 
ship between parental smoking and 
children’s respiratory status include 
variations across household categories 
in (/) the type and level of community 
air pollution, (2) non-rigarette-rclated 
indoor pollution (such as that caused 
by gas cooking) (24-26X (2) crowding, 
and (4) socioeconomic status. The 
households examined in this report 
were located in 4 geographically dis¬ 
tinct areas of Southern California, 
which were selected because of their 
similarity in demographic distribu¬ 
tions, including race, income, and 
home value, and their historical dis¬ 
similarity in type and/or level of 
atmospheric pollution: low levels of 
chemical 1 pollutants (Lancaster), mod¬ 
erate to heavy levels of oxidant pollu¬ 
tion (Burbank and Glendora, respec¬ 
tively), and moderately heavy levels of 
SO,, hydrocarbons, and particulates 
(Long Beach). Cross-sectional com¬ 
parisons of lung function of adults 
across these communities have shown 
significant differences in age-, height-, 
and sex-adjusted mean values for dif¬ 
ferent indexes of lung function, the worst 
mean values being noted in the resi¬ 
dents of the communities with the 
worst air pollution (Glendora and Long 
Beach) (16, 17). 

In analyzing the relationship between 
parental smoking and children’s lung 


function, we believe that possible ef¬ 
fects of ambient air pollution on chil¬ 
dren’s lung function were adequately 
controlled for through adjustment for 
the effects of area by using area as a 
dummy variable in our linear regression 
equations and as a covariate in our 
analyses of covariance. Moreover, the 
proportion of parent-smoking house¬ 
holds was not significantly different 
across all 4 study areas and, if any¬ 
thing, was actually highest in our com¬ 
munity with the cleanest air. 

Although cigarette smoke probably 
constitutes the most important source 
of indoor air contamination^ other 
indoor pollutants, particularly gas fuel 
used in cooking, might adversely affect 
lung function; studies of the impact of 
indoor exposure to cooking fuel on 
lung function, however, have yielded 
variable results (26, 27). Questions con¬ 
cerning the mode of indoor cooking 
were not asked of our subjects until the 
second round of testing in our cohort 
study. Data collected subsequently 
from 200 of the 615 households (33<7o) 
in our cohort indicate that during the 
lifetime of children included in the 
analysis, 102 households used gas fuel 
alone for cooking, 20 used electricity 
alone, and 78 had switched from one 
type of fuel to the other at least once. 
The proportion of households in which 
gas fuel alone was used for cooking was 
similar across parental smoking house¬ 
hold categories. Moreover, using these 
data in a two-way analysis of covari¬ 
ance, we failed to find a significant 
effect of exposure to gas cooking fuel 
on lung function or any interactive 
effect of gas cooking and passive 
smoking on lung function. 

Although the Hollingshead score for 
occupation of the head of household 
(an indicator of socioeconomic status) 
was related to household smoking 
status category, it showed do relation¬ 
ship to children’s lung function, nor 
was there a significant interaction be¬ 
tween the effect of household category 
and the Hollingshead score on chil¬ 
dren’s lung function (two-way ANOVA). 
Parental level of education (another 
socioeconomic indicator), although 
significantly higher in nonsmoking 
households, did not correlate with chil¬ 
dren’s residual lung function. The size 
of the families and the number of 
rooms in the residence were evenly dis¬ 
tributed across household categories, 
decreasing the possibility that our re¬ 
sults were confounded by any effects of 
crowding or of volume of dilution of 


indoor pollutants on lung function. 
Although the exclusion of some chil¬ 
dren because of missing or technically 
unsatisfactory data could have biased 
our results, the observation that the 
proportion of such children was evenly 
distributed across household categories 
and that the excluded children were of 
a similar age and height to those of the 
children included in the analysis should 
have reduced these biases. 

Even though the risk of chronic pul¬ 
monary alterations caused by passive 
tobacco smoke exposure may be rela¬ 
tively subtle and only variably demon¬ 
strable in the general population (10, 
12, 27, 28), passive smoking might be 
expected to have more obvious respira¬ 
tory consequences in asthmatics, who 
hyperreact to a number of noxious 
stimuli. In all 1 4 of our study areas, the 
prevalence of asthma or bronchitis was 
similar among children in the different 
household categories: at least mother 
smokes (Il°7e)» faiher only smokes 
(13°fo), and no parent smokes (10°7o). 
However, no relationship was apparent 
between parental smoking and either 
lung function or symptomatology 'of 
asthmatic boys; moreover, among 
female children with asthma, the lowest 
residuals were actually noted' in those 
from households in which neither 
parent smoked; and this relationship 
was significant (p < 0.02). Although 
these unexpected findings do not sup¬ 
port the hypothesis that parental smok¬ 
ing aggravates children’s asthma (29), 
the exclusion of households with ex- 
smoking parents from our analysis 
could have biased our results. 

Our finding of lower lung function 
in nonsmoking boys from households 
with at least maternal'smoking is some¬ 
what in accord with, and extends, the 
data of Tiger and coworkers (12), who 
found a relationship between the smok¬ 
ing habits of parents and the midexpi- 
ratory flow rates of their children 5 to 
9 yr of age The latter investigators, 
however, did not examine the impact of 
parental smoking on male and female 
children separately, so that the trend 
they noted toward a decreasing level of 
function in children with increasing 
parental smoking might have been 
stronger or weaker if the results in boys 
and girls had been analyzed separately. 
Also, it would have been of interest if 
they had analyzed other indexes of lung 
function in addition to FEF,»_t» 
because the strongest associations we 
noted were between parental smoking 
and the residuals for Vmax and V** in 
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"boys. Moreover, we excluded ex-smokers 
•from analysis, whereas their definitions 
"of parent-smoking households accepted 
■parent ex-smokers as “current” smokers 
•if they had smoked during the first year 
of life of all their children. Therefore, if 
passive smoking effects on children are 
influenced by persistent exposure to 
smoke contamination in the household 
beyond the first year of: life, the effect 
of parental smoking noted by these 
investigators might have been under¬ 
estimated* 

On the other hand, our results are 
not in agreement with those of Dodfee 
(27) or of Schilling and associates 
(lO)..Dod|ge was unable to demonstrate 
a significant relationship between the 
smoking of either Anglo-white or 
Mexican-Americani parents and the 
FEV, of their Arizona schoolchildren 
(27). In our study, we were also unablfe 
io find a significant relationship be¬ 
tween the FEV, of children of either sex 
and the smoking of their parents, bui 
this relationship approached signifi¬ 
cance in boys (p< Of ). The discrepancy 
between our findings and those of 
Schilling and associates (10), who failed 
to find a significant contribution! of 
parents’ smoking to children’s lung 
function in 3 towns in Connecticut, 
may be due to: differences in sample 
sizes, types of lung function examined, 
or analytic techniques. Also, it is not 
clear how these investigators classify 
parent ex-smokers, who were excluded 
from our analysis. Classification of ex¬ 
smokers as either smokers or nonh 
smokers could conceivably obscure sig¬ 
nificant differences between parent^ 
smoking and lifetime nonsmoking 
households. 

Although we found significantly 
Iowct values for Vmax and among 
boys in relation to maternal smoking, 
these decrements were, in fact, relative¬ 
ly small (e.g., 7.7^ oi. 0.37 L/s, de¬ 
crease in V„). ^though .these decre¬ 
ments were statistically^ significant,’ 
their biologic significance might be 
questioned. Jn this regard, it is note¬ 
worthy that ,the chfldren' ‘^e . studied, 
Especially Ihe^unger ^lldrenV ‘ were 
undergoing a t rapiderate of growth and 
^e\*)opment&£f^ 

Iquenily, the small difference 4n lung 
(unction we observed could be impor- / 
|am if it interfered the normal 
Vchieveipentof fullJufig growth, as pre¬ 
viously suggested (26). 


Acknowledgment 

The writers thank the technical I staff of the 
Lung Association of Los Angeles County, 
under the direction ofi Edward Oioupalik, 
Chief Technologist, as well as Tomi Watan- 
abe. Medical!Librarian* We are grateful also 
to Michael Gaffney, Shane Allwnght, 
Marilyn Glick, and Jan Dudley Study Field 
Coordinators, and to Virginia Hansen for 
her editing services. Computing assistance 
was obtained from the Hospital Data Pro¬ 
cessing Facility, UCliA. 


References 

1. Public Health Service. Smoking and health: a 
report , ofi the Surgeon General, 1979. Washing¬ 
ton, D.C., Office of the Assistant Secretary for 
Health, Office on Smoking and Health (USD- 
HEW publication no. (PHS) 79-50066). 

2. Colley JRT, Holland WW, Corkhill RT. In¬ 
fluence of passive smoking and parental phlegm 
on pneumonia and bronchitis in early childhood] 
Lancet 1974, 2:1031-4. 

3. Fergusson DM, Horwood LJ, Shannon FT. 
Parental smoking and respiratory illness in in¬ 
fancy. Arch Dis Child 1980. 55:358-61. 

4. Fergusson DM; Horwood LJ, Shannon FT. 
Taylor B. Parental smoking and lower respiratory 
illness in the first three years of life. JiEpidemiol 
Community Health 1981; 35:1 SCM. 

5. Leeder SR, Corkhill R, Irwig LM, Holland 
WW, Colley JRT. Influence of family factors on 
the incidence of lower respiratory illness during 
the first year of life. Br J Prev Soc Med 1976; 30:: 
203-12. 

6. Ranukallio P. The effect of maternal smok¬ 
ing on binh weight and the subsequent health of 
the child. Early Hum Dev 1978; 2:37 |l82. 

7: Harlap S, Davies AM. Infant admissions to 
hospital and maternal smoking. Lancet 1974; 
lt529-32. 

8. Cederldf R, Colley J. Epidemiological in¬ 
vestigations on environmental tobacco smoke. 
Scand J Respir Dis (Suppl) 1974; 9l:‘47-9. 

9. Lebowiu MB, Burrows B. Respiratory symp- 
loms related to smoking habiu of family adults. 
Chest 1976; 69:48-50 

10 Schilling RSF, Leiai AD, Hui SL, Beck GJ, 
Schoenberg JB, Bouhuys A. Lung function, 
respiratory disease, and smoking in families. Am 
J Epidemiol 1977; 106:274-83. 

11. Weiss ST, Tager IB, Speizer FE, Rosner B. 
Persistent wheeze. Its relation to respiratory ill¬ 
ness, cigarette smoking, and level of pulmonary 
function in a population sample of children. Am 
Rev Respir Dis 1980; 122:697-707. 

12. Tager IB, Weiss ST Rosner B, SpeLzer FE. 
Effect of parental cigarette smoking on the pul¬ 
monary function of children. Am J Epidemiol 

j' 1979; 110:15-26. 

'■ 13. Betels R, Coulson A, Tashkin.D. Rokaw S. 
Reliability of plethysmography, the single breath 
oxygen test, and spirometry in population studies. 
Bull Physiopathoi Respir (Nancy) 1975; 11:900. 


141 Deiels R, Rokaw SN, Coulson AH, Tashkin 
DP, Sayre JW, Massey FJ Jr. The UCLA popula¬ 
tion studies of chronic obstructive respiratory 
disease. 1. Methodology and comparison of lung 
function in areas of high and low pollution. Am 
J Epidemiol 1979, 109:33-58. 

15. Tashkin DP, Detels R, Coulson AH. Rokaw 
SN, Sayre JW. The UCLA population studies of 
chronic obstructive respiratory disease. II. 
Determination of reliability and estimation of 
sensitivity and specificity. Environ Res 1979; 20: 
403-24. 

16 Rokav. SN, Betels R, Coulson AH, et all 
The UCLA population studies of chtonic 
obstructive respiratory disease. 3. Comparison of 
pulmonary function in three communities ex¬ 
posed to photochemical oxidants, multiple pri- 
marv pollutants, or minimal pollutants. Chest 
1980, 78:252-62. 

17. DeteL R, Sayre JW, Coulson AH; enal. The 
UCLA po*pulaiion studies of chronic obstruc¬ 
tive respiratory disease IV. Respiratory effect of 
long-term exposure to photochemical oxidants, 
nitrogen dioxide, and. sulfates on current and 
never smokers. Am Rev Respir Dis 1981; 124: 
673-80. 

18. Dixon WJ, Brcrwn MB, Engelman L, et al. 
BMDP statistical software 196k ed. Berkeley: 
University of California Press, 1981* 

19. Dunn OJ, Clark VA. Applied' statistics: 
analysis of variance and regression. New York: 
Wiley, 1974. 

20. Maxwell AE. Analysing qualitative data. 
London: Methuen, 1961:23-6. 

21. Seely JE, Zuskin E, Bouhuys A. Cigarette 
smoking; objective evidence for Jung damage in' 
teen-agers Science 1971; 172:741-3- 

22. Betels R, Sayre JW, Tashkin BP, Massey FJ 
Jr, Coulson AH, Rokaw SN. The UCLA popula¬ 
tion studies ofi chronic obstructive respiratory 
disease. VI. Relationship of physiologic factors to 
rate of change in forced expiratory volume in one 
second and forced vital capacity. Am Rev Respir 
Bis 1984; 129:533-7. 

23. National Center for Health Statistics. Prev¬ 
alence of selected chronic respiratory conditions: 
United Suies 1970. Rockville MB: National 
Center for Health Statistics, 1973 (USDHEW 
publication no. (HRA) 74-1511: table 3). 

24. Melia RJW, Florey C du V, Chinn S. The 
relation between respiratory illness in primary 
schoolchildren and the use of gas for cooking. 1. 
Results from a national survey. Ini J Epidemiol 
1979; 8:333-8. 

25. Florey C du V. Melia RJW, Chinn S, et al. 
The relation beiween respiratory illness in pri¬ 
mary schoolchildren and the use of gas for cook¬ 
ing. Uli Nitrogen dioxide, respiratory illness and 
lung function. Ini J Epidemiol 1979; 8:347-53. 

26. Speizer FE, Ferris B Jr, Bishop VMM, 
Spengler J, Respiratory disease rates and pulmo¬ 
nary function in children associated with NO* 
exposure. Am Rev Respir Dis 1980; 121:3-10. 

27. Dodge R. The effects of indoor pollution on 
Arizona children. Arch Environ Health 1982; 37: 
151-5. 

28. White JR, Froeb HF. Small-airways dys¬ 
function in nonsmokers chronically exposed to 
tobacco smoke. N Engl J Med 1980; 302:720-3. 

29. 0‘ConneI) EJ, Logan GB. Parental smoking 
in childhood asthma. Ann Allergy 1974; 32T42-5. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383189 



2023383190 










Vedal, S., Schenker, M.B., Samet, J-M., Speizer, F.E. "Risk Factors 
for Childhood Respiratory Disease: Analysis of Pulmonary Function" 
American Review of Respiratory Disease 130: 187-192., 1984. 

SUMMARY: Four thousand elementary-school-age children from a rural 
area of western Pennsylvania participated in a cross-sectional 
survey that consisted of a standardized respiratory questionnaire 
completed by their parents and spirometric testing at school. 
Spirographic tracings were digitized to obtain the FVC, 
FEVO. 75, FEF25-75, Vmax75, and Vmax90, : which were standardized for 
height, age, and sex for the subsequent analyses. Independent 
associations of potential risk factors with the standardized 
pulmonary function measures were evaluated with multiple regression 
techniques. Asthma, persistent wheeze, and parental smoking habits, 
especially those of the mothers, were associated with lower flow 
rates. The effect of parental smoking was primarily due to smoking 
by the mother and was stronger in girls. In female children of 
currently smoking mothers, FEF25-75 was 96% of predicted, Vmax75 
was 95% of predicted, and Vmax90 was 92% of predicted; each' flow 
measure was 98% of predicted in male children of smoking mothers. 
Prolonged hospitalization at birth was independently associated 
with lower FEVO.75 and flow rates. Low socioeconomic status was 
associated with lower FVC and FEVO.75. Neither current gas stove 
use nor a history of severe chest illness before 2 yr of age were 
independently associated with lower levels of pulmonary function. 
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SUMMARY Four thousand •(•manta ry school-a ga children from a rural sraa of *•*!•«> P*nn*y(. 
vanla participated In a croaa-aoctional survey that consisted of a standardized respiratory quet- 
t too naira completed by thafr pa rant* and spirometric lasting at school. Spbographic tracing* war* 
digitized to obtain the FVC, FEV*.^ FEF^ m Vmax m and Vmax,*, which were standardized tor 
baight, age, and sex for tha subsequent analyse*. independent association* of potantial risk fac¬ 
tor* with tha standardized pulmonary function maasuras wara evaluated with multiple ragraaaibn, 
technique*. Asthma, persistent wheeze, and parental smoking habit*, aapacialty thoaa of tha 
mothw, wara asaoeiatad with lower flow rata*. Tha affacf of parantal smoking was primarily do# 
fesm okinqby the mother and was stronger in girls. In iemeie children of currently smoking mother s , 
PEF*_ n was 99% of predicted, Vmax n was 95% of predicted, and Vmax« was 92%^ predicted; 
aach tkow maaaura was *8% of pradictad in maka chi id ran of smoking mother*. Prolonged hospitali¬ 
sation at birth was independently associated with lower FEY*™ and flow rata*. Low socioeco- 
nomic status was asaociatad wHh kowar FVC and FEV,.,* Neither, current gai stove uaa nor a 
history of severe chast Hlnaas bat ora 2 yr of aga wara indapandantly asaociatad with kowar iavala 
of pulmonary function. am rev RESaiR OiS its*; uon»7-i*2 


Introduction 

I he identification of risk factors for 
lower levels of pulmonary function in 
children may lead to specific strategies 
for early intervention. Of particular in¬ 
terest' at present' are the possible effects 
on children of exposure to gas stove 
fumes and to parental smoking (1). Also 
of continuing interest is the hypothesized 
relationship between childhood respira¬ 
tory illness and the subsequent develop¬ 
ment of chronic air-flow obstruction in 
adult life (2)j A decreased level of pul¬ 
monary function in children may in¬ 
fluence susceptibility to tobacco smoke 
in adulthood. Because there is still lack 
of agreement on the factors that increase 
a child's risk for lower levels of pulmo¬ 
nary function, further characterization 
of risk factors in large population sam¬ 
ples is needed. 

As pan of a series of studies investigat¬ 
ing the health effects of air pollution in 
adults and children in the Chestnut Ridge 
region of western Pennsylvania, we have 
previously reported the results of parent- 
completed questionnaires for 4,071 chil¬ 
dren 5 to 14 yr of age (3). Predictors of 
respiratory symptoms and illnesses in this 
population included younger age, male 
so, and low socioeconomic status (SES). 
Parental cigarette smoking was associat¬ 
ed with chest illnesses in the children but 
not with chronic cough, phlegm produc¬ 
tion, or persistent wheeze. This report de¬ 
tails findings from analysis of spiromet¬ 
ric testing in the same sample of children. 

Methods 

Study A rea and Population 
The study area and study population have 
been previously described (3): Briefly, the area 
hi rural region of western Pennsylvania cod- 
sisting of parts of Indiana, Armstrong, and 
Westmoreland counties in which 4 large coal- 
ffftd power plants are located. Agreement to 
Participate was obtained from all public 
elementary schools in the area. Fourteen 
schools were selected to provide a uniform 
* e °piphic and age distriimtion, with all chil¬ 


dren in Grades 1 through 6 in the schools 
selected being asked to participate. Testing was 
completed between February and May 1979. 

Questionnaire 

The American Thoracic Society, Division of 
Lung Diseases, 1978 Children’s Questionnaire 
(ATS-DLD-78Q (4), with slight modification, 
was sent to the homes of all the children. In¬ 
formation was obtained from parents or guar¬ 
dians concerning respiratory symptoms and 
illnesses in the children, household environ¬ 
mental exposures, and parental smoking his¬ 
tory, occupation, and educational attainment. 
At schooL, an interviewer-administered ciga¬ 
rette smoking questionnaire was completed 
away from teachers and other students by each 
child in Grades 4 through 6. Children were 
considered cigarette smokers if they had ever 
smoked 5 or more cigarettes and were cur¬ 
rently smoking. Persistent wheeze was defined 
as wheeze with colds and wheeze occasional¬ 
ly apart from colds, or wheeze on most days 
or nights. 

Pulmonary Function Testing 
All pulmonary function tests were ad¬ 
ministered in the schools by trained techni¬ 
cians using calibrated 8-Iiiter Stead Wells sur¬ 
vey spirometers (Warren Collins, Inc., Brain¬ 
tree, MA). Classroom demonstrations of the 
forced vital capacity (FVC) maneuver were 
given, and the students practiced as a group: 
Standing height was measured in stocking 
feeu Each child performed FVC maneuvers 
while seated and without a noseclip. At least 


5 attempts were made to obtain a minimum 
of 3' acceptable FVC maneuvers, using the 
criteria for acceptability recommended in the 
ATS statement of the Snowbird Workshop (5). 

Acceptable tracings were entered into a 
computer by hand digitization using a pro¬ 
gram (6) that rejected tracings with flow con¬ 
tinuing at greater than 60 ml/s at the end of 
expiration. Flow rates at low lung volumes 
were obtained from smoothed curves by cal¬ 
culating the slopes at given percentages of ex¬ 
pired vita] capacity. Pulmonary function 
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measurements from the digitizing program 
have been shown to be comparable to those 
made by hand or to direct measures of flow 
using a pneumotachygraph (6). 

Criteria for Test Selection 
Testing was considered acceptable if the sec¬ 
ond largest FVC and forced expiratory vol¬ 
ume in one second (FE\\) were within 10% 
or 200 ml of the largest values (7). If the sub¬ 
ject's tests were acceptable, FVC was selected 
from the curve with the largest FVC, and 
forced expiratory volume in three quarters of 
a second (FEV 0 . r ») from the curve with the 
largest FEV,. The mean forced expiratory 
flow rate during the middle half of the FVC 
(FEF**-t») and the maximal expiratory flows 
at 75 and 90% of the expired vital capacity 
(Vmax T », Vmax**) were the mean values from 
all curves with an FVC within 10% or 200 
ml of the largest FVC Mean values were cho¬ 
sen to improve the stability of the digitized 
measures. 

Analysis of Data 

Pulmonary function measurements were stan¬ 
dardized for chest size by regressing the nat¬ 
ural logarithm of the measurement on height, 
age, sex, and product terms of height tiroes 
age, height times sex, and age times sex. Only 
those size-standardizing variables that were 
significant predictors (p < 0.05) of the pul¬ 
monary function variables were included in 
models for the subsequent analyses. Even 
though the logarithmic models explained no 
more of the variation in pulmonary function 
measurements than the untransformed 
models, both normality and horooscedastic- 
iry of the residuals (observed minus predict¬ 
ed) were improved by the logarithmic trans¬ 
formations (8). Quintiles of SES derived from 
parents' occupation and education (3) were 
grouped into low (V and IV), middle (III)i 
and high (II and I) categories. Black children 
and children in Grades 4 through 6 who 
smoked cigarettes were excluded from the 
analysis. 

Potential risk variables were defined cate¬ 
gorically (1 - present, 0 ■ absent), and in¬ 
cluded persistent wheeze, physician-diagnosed 
asthma, severe chest illness before 2 yr of age, 
current cigarette smoking by the mother on¬ 
ly, the father only, or by both parents, use 
of a gas stove for cooking, low SES, and a 
history of continued hospitalization at birth 
after the mother was discharged! Crude esti¬ 
mates of the association of these variables 
with each pulmonary function measure were 
obtained by adding each variable alone to a 
multiple regression model, adjusting only for 
chest size. A stepwise multiple regression was 
then performed for each pulmonary function 
measure with the independent variables, in¬ 
cluding all of the categorically defined varia¬ 
bles and the size-standardizing terms. Simi¬ 
lar regression models were fit without the re¬ 
spiratory symptom and illness variables. The 
dose-response relationship between the 
amount of current parental smokir^ . 
dren's pulmonary function was evaluated by 


substituting variables that indicated the num¬ 
ber of cigarettes smoked daily (1 to 14, 15 to 
24,25 or more) by each parent for the paren¬ 
tal smoking variables. Percents of predicted 
pulmonary function were generated by trans¬ 
forming the regression coefficients from the 
log scale to the natural scale. 

Modification of the parental smoking as¬ 
sociations by either the child's sex or age, or 
by asthma or persistent wheeze, was tested 
by introducing interaction (product) terms to 
the models. For example, the coefficient of 
an interaction term composed of the product 
of the child's sex and maternal smoking esti¬ 
mates the differential effect of maternal smok¬ 
ing on girls and boys. 

Results 

Questionnaires were completed for 4,071 
children, 93% of those selected (3). Af¬ 
ter excluding the 55 black children and 
the 52 children who smoked, an addition¬ 
al 29 children were excluded because FVC 
was not acceptably reproducible, 151 be¬ 
cause FEV, was not reproducible, 275 be¬ 
cause neither was reproducible, and 181 
because less than 2 acceptable tracings 
were present. Spirometry was not per¬ 
formed by 153 children who returned 
questionnaires. The final sample consist¬ 
ed of 3*175 (80.1%) of the 3,964 white, 
nonsmoking children with completed 
questionnaires. 

Children included in the pulmonary 
function analysis were compared with 
children with completed questionnaires 
who were excluded. No significant differ¬ 
ences were present with respect to sex, 
geographic Location, use of gas stoves, 
parental smoking, SES, or prolonged 
■ hospitalization at birth; Prevalences of 
respiratory symptoms or illnesses were 
also similar. The mean age of those not 
included in the analysis (X * 107.8 
months) was significantly lower (p < 0.01) 
than the mean age of those included (X 
« 114.4 months), reflecting the ability 
of older children to perform spirometry 
better than younger children! Only 69% 
of children 5 to 7 yr of age had spirome¬ 


try analyzed compared with 87% of those 
11 to 14 yr of age (table 1). 

Height, age, and sex were significant 
predictors (p < 0.05) of all pulmonary 
function measures. Boys had lower flow 
rates (FEF 2 *- 7 », Vmax 7 *, Vmax*>)but 
higher FVC and FEV 0 . T , than did girls, 
after adjusting for height and age. A sig¬ 
nificant interaction between age andsec 
was present for all pulmonary function 
measures, except FVC, with flow rates 
in girls increasing with age relhtive to 
boys. Interaction between age and height 
was significant only for the flow rates at 
low lung volumes. No significant inter¬ 
action between height and sex was 
present. 

After adjusting for the significant size- 
standardizing terms, each potential 
predictor was initially evaluated singly 
without adjusting for the other predic¬ 
tor variables. Variables that were as¬ 
sociated with pulmonary function in this 
crude analysis (table 2) included persist¬ 
ent wheeze, asthma, severe chest illness 
before 2 yr of age, prolonged hospitali¬ 
zation at binh, SES, parental smoking 
by only the mother, and smoking byboth 
parents. Gas stove use was significantly 
predictive only of FVC. Cigarette smok¬ 
ing by only the father was not predictive 
of any pulmonary function measure. 

The associations of each of these vari¬ 
ables with pulmonary function in the 
presence of other significantly predictive 
variables were evaluated in the stepwise 
multiple regressions. As in the crude anal¬ 
ysis, physician-diagnosed asthma and 
persistent wheeze were independently as¬ 
sociated with lower flow rates (tablfc 3). 
However* severe chest illness before 2 yr 
of age was not independently associated 
with any of the spirometric tests. Only 
by omitting the variables indicating 
wheeze and asthma did severe chest ill¬ 
ness before 2 yr of age enter the models. 
A history of a prolonged hospitalization 
at birth was a significant predictor of low¬ 
er flow rates and FEV 0 . 7J . 


TABLE 1 


AGE DISTRIBUTION OF WHITE, NONSMOKING CHILDREN'BY SPIROMETRY STATUS 


AQ9 

(y0 

Number with 
Acceptable 
Spirometry 

Number with No or 
with Unacceptable 
Spirometry 

Total 

Proportion 
with Acceptable 
Spirometry 

5-8 

56 

22 

78 

0.72 

7 

05 

199 

844 

0.69 

8 

574 

142 

716 

0j80 

9 

500 

133 

833 

0.79 

10 

535 

132 

667 

0.80 

11 

564 

89 

653 

0.86 

12 

430 

57 

487 

0.88 

13-14 

, 71 

15 

86 

0.83 

Total 

3,175 

789 

3,964 
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Children of smoking parents had low¬ 
er flow rates, controlling for all other sig¬ 
nificant predictors, than did children of 
nonsmoking parents (uble 4)* However, 
FVC was slightly but signif cantJy larger 
in children of smoking mothers* Ex¬ 
posure to only maternal smoking was as¬ 
sociated with reduction in all flow rates, 
whereas paternal smoking was signifi¬ 
cantly associated only with lower Vmax«>. 
For each pulmonary function measure, 
the lower function seen in children with 
both parents smoking was not signifi¬ 
cantly different from that in children with 
only a mother smoking. However, the de¬ 
crease seen in children with only a father 
smoking was less than that in children 
with only a mother smoking. Because the 
association between parental smoking 
and children’s pulmonary function was 
almost entirely the result of maternal 
smoking, the subsequent analysis of 
dose-response and of interaction was 
limited to maternal smoking. 

Decreases in children’s pulmonary 
fuytion associated with maternal smok- 
ingdid not differ by the amount smoked 
for any of the pulmonary function meas¬ 
ures. A similar lack of dose-response was 
observed when the analysis was confined 
to children with nonsmoking fathers. 
Children of ex-smoking mothers did not 
have significant dif ferences in pulmonary 
function from children of nonsmoking 
mothers. 

Testing of the decreases in children’s 
pulmonary function seen wit^matemal 
smoking by sex suggested tliiif maternal 
smoking was associated with lower lev¬ 
els of pulmonary function in female chil¬ 
dren than in male children; this differ- 
fme was significant only-for Vmax* (ta¬ 
ble 5)* Although kvds^ of pulmonary 
function in male children of smoking 
mothers wenppwer than in children of 
ubnsmoking^ mothers, the differences 
we not statisticaUy significant- Similar¬ 
ly, children with persistent wheeze tend¬ 
ed to have lower levels associated with 
maternal smoking than did children with¬ 
out wheeze; however, because of the rel¬ 
atively small numbers of children with 
both, persistent wheeze and a smoking 
mother, none of the observed differences 
wt significant (table 5). The maternal 
smoking associations were not signifi¬ 
cantly changed by the presence of 
Physician-diagnosed asthma, and did not 
v *ry according to the child’s age^ 

Low SES was significantly associated 
Wh lower FVC and FEV 0 . r „ but not 
*ith lower flow rates (uble 6). Use of 
a gas stove in the home did not indepen- 


TABLE 2 


PERCENT OF PREDICTED PULMONARY FUNCTION IN CHILDREN WITH;THE 
POTENTIAL RISK FACTORS: CRUDE ANALYSIS’ 



FVC 

FEV, n 

FEF^„ 

Vmax n 

Vmax* 

Doctor-d lag noted 

102.4* 

97.2* 

87.9* 

85.0* 

87.2* 

asthma 

Partisan! whaexe 

101.2 

97.2* 

90.1* 

88.7* 

91.6* 

Chest Illness 

100.4 

98.6 

95.8* 

95 

95.lt 

before 2 yr of ege 
Prolonged newborn 

100.7 

96.5* 

91.7* 

91:0* 

94.6* 

hospitalization 

Only mother 

102.1* 

100.2 

95-B* 

94.9* 

93.6* 

amoking 

Only father 

994 

99.6 

100.3 

100.4 

100.1 

smoking 

Both parents 

100.7 

99.6 

87.9 

97.7 

96.6* 

amoking 
(aaa stove 

99.2* 

99.4 

99.7 

100.1 

99.3 

Low SES 

98.6* 

96.4* 

98.4 

100.0 

101.0 


DttmtUoc ot tt>b*wrisiK>nr. FVC * forced vital capacity; FEV,.* ■ forced axp^rnory volume Wi 0.75 aecood; FEF^^ 
* foread expiratory flow during middle halt of FVC; Vmax* and Vmai* * maximal flow after exhalation ot 75 end 90% 
ot FVC; SES a socioeconomic status. 

* Pulmonary function was standardized tor height, apt. hi, and thair significant (p < 005) interactions but not tor 
Othar nek factor*. Saa the lari tor th# definition of aach vertabto. Two-* used p-valuet last tor difference* in percent pre¬ 
dicted between thoaa chi id ran with and thoaa without (100% predicted) tha apaclftad characteristic. 

t p < 006. 

* p < o.ov 


TABLE 3 


PERCENT OF PREDICTED PULMONARY FUNCTION MEASUREMENTS IN CHILDREN 
WITH; HISTORIES OF SYMPTOMS AND ILLNESSES* 


Pulmonary 
Function Test 

Doc tor-Diagnosed 
Asthma 
(n e 107) 

Persistent Wheeze 
(n s 225) 

Chest Illness 
Before 2 Yean 
of Age 

(n * 251) 

Prolonged Newborn 
Hospitalization 
(n ■ 142) 

FVC 

10Z5* 

100.6 

100.2 

99.0 

FEV*.n 

98.7 

97.3* 

99.4 

96.6* 

FEF^ 

92.1* 

92.6* 

994 

92.6* 

Vmax„ 

89.3* 

91.9* 

99.1 

92.0* 

Vmax^ 

89.9* 

94.6* 

97.8 

95.7 


For definition ot abbreviation*. aaa tab la 2. 

* Independent variable* wara addad to modal* controlling tor all othar variables that war* significant predictor* Ip < 
0-05) ot the pulmonary function maaaura. Two-sided p-vaiue* l*al for dttterence* In parcant predicted barwaan thoaa 
chlfdran with and thoaa without (100% predicted) tha specified char act an* he (n » rmmbar ot chltoran with tha specified 
characteristic), 
t p < 005. 

*p <001. 


TABLE 4 


PERCENT OF PREDICTED PULMONARY FWCT10N MEASUREMENTS IN CHILDREN 
WITH PARENTS WHO SMOKE* 


Pulmonary 

Function Test 

Only 

Mother Smokes 
(n * 268)* 

Only 

Father Smokes 
(n * 689)* 

Both 

Parents Smoke 
<n - 673) 

FVC 

101.8* 

99.5 

101.1* 

FEV. n 

100.1 

99.6 

99.9 

FEF^ 

95.2* 

98J 

97.6* 

Vmax„ 

94.4* 

998 

97.4* 

Vmax* 

92-2* 

96.9* 

94.8* 


For dat Wilt ton of abbreviation*, aaa Ubto 2. 

* tndapandani vanatnaa wara addad to modal* controlling for all othar variable* mat wara sign if leant predictors (p < 
0.05) ot tha pulmonary tunciton maaaura. Tw©*atoad p-aaiuaa fast tor dltlaranca* In parcant predicted between thoaa 
chlkvan wtth and thoaa wtthout (100% predicted) parants who smoke (n m number of chltoran with tha apaclftad 
characteristic). 

1 Include* onfy subject* wtth currant smoking data on both parent*. 

*p< OIOS. 

* p < 0.01. 


! 
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TABLE 5 

PERCENT OF PREDICTED PULMONARY FUNCTION MEASUREMENTS IN CHILDREN WITH 
A MOTHER WHO SMOKES, CLASSIFIED BY SEX AND PERSISTENT WHEEZE* 

Mother Smoker 



Mother 
Ndrtsmoker 
(n-2,066) 

Mate 

(n« 536) 

Female 

(n*523) 

Par* 1st ant 
Wheeze 

(*-77) 

No 

Persistant 

Wheeze 

(n-962) 

FEF^ 

100.0 

97.8 


90.6t 

97^t 

Vmax„ 

100.0 

96-0 

W.6* 

91.7t 

96.8t 

Vrnax** 

tOQ.0 

97.5 

92.1* 

92J 

95.0* 


For tfsftnHloA of abbrwtOtionA taM* 2. 

* te t oictkw tenM urt tdO*d to mob*te eontrouteff toreM othw varteOte* that ware Mgmhcant predictors (p < Q-OS) 
Of tha pulmonary function m*Mur*a. Two-*id*d pw*io** teet for dlfftrancaa In percent predicted between children 
wtth th* ep*dft*d cftaract a rtattc and children with nonamoaing mother* (n * number of children with tha apodhad 
charactartattci. 

tp<ooa. 

*p < am. 

• Dlffan nca ba t waan mala and famaia children of amoving mother* la aipnlflcam (p < 0.05k 


dcntly predict any of the pulmonary 
function measures. 

Discussion 

Our findings support the hypothesis that 

fay the mother^can reduce le!^ af^ul- 
monaiy function in their children. The 
reductions seen with maternal smoking 
were largely limited to female children 
and were present only for flow rates. The 
association persisted after controlling for 
children’* respiratory symptoms, and 01- 
besses,and for other variables that might 
hive accounted for the observed associ¬ 
ation. Other significant independent 
predictors of the level of children’s pul¬ 
monary function included prolonged 
hospitalization at birth, low SES, persist¬ 
ent wheezing, and a diagnosis of asth¬ 
ma. Neither gas stove use nor a history 

after controlling for ^ oth^ 
predictors* yufi' licrStr lev¬ 

els of pulmonary function. 

Other investigators also have reported 
an association between parental smok¬ 
ing and children’s pulmonary function. 
Thger and coworkers (9) found an inverse 
correlation between maternal lifetime 
cigarette smoking and FEVt in male chil¬ 
dren. These investigators, in another 
population sample (10), also found that 
FEFi*-™ decreased in children of smok¬ 
ing parents as the number of parental 
smokers increased. More recent findings 
from this same cohort (11) indicated that 
maternal, but not paternal, smoking was 
significantly associated with lower 
FEF»- 7 * in the children. Yarnell and St. 
Leger (12), in a small sample of 214 chil¬ 
dren, found lower FEV 0 . 7 » and FEF 2 *- y » 
in children whose mothers smoked dur¬ 
ing pregnancy. Only girls had lower lev¬ 


els of pulmonary function associated 
with current maternal smoking. Hassel- 
blad and associates (13) reported a dose- 
response relationship between FEV 0 . 71 
and current maternal smoking, but found 
no association with paternal smoking. 

Absence of association between paren¬ 
tal smoking and children’s pulmonary 
function also has been reported. Leeder 
and coworkers (14) did not find a signifi¬ 
cant relationship between peak expira¬ 
tory flow rate (PEFR) and parental 
smoking. Schilling and associates (15), 
in a small population sample of 816 chil¬ 
dren, examined several puimonary func¬ 
tion measures (FVC, FEV», PEFR, 
Vmax w , Vmaxrs), and generally failed to 
find a significant association with mater¬ 
nal smoking; only Vmax» was signifi¬ 
cantly lower in female children of smok¬ 
ing mothers. This latter finding was in¬ 
terpreted as spurious because there was 

TABLE 6 

PERCENT OF PREDICTED PULMONARY 


FUNCTION IN CHILDREN WITH GAS 
STOVE EXPOSURE AND LOW 
SOCIOECONOMIC STATUS* 


Pulmonary 
Function Test 

Gas Stovt 
Exposure 
(n* 1,631) 

Low 

Socioeconomic 
Status 
(n-1,085) 

FVC 

99.3 

98.67 

FEV^ 

99.6 

98.41 

FE 

100.1 

96.4 

VrWn 

100.2 

10(L2 


99.6 

101.4 


For dehnWon erf abbreviation*. *•• lab** 2. 

* Independent variable* wor* added to model* control* 
Hng for Ml other variables that were MgrUflcart predictor* 
tp < 0.05) of th* pulmonary function measure. Two-eteeO p- 
velve* ini for difference* in p*rc*nt predicted fa *tw**n 
tho** children with vri tho** without 000% predicted) 
th* specified cherecteristtc (n ■ number of children with 
th* apecifted characteristic!. 

T p < 0.05. 
t p < 0.01. 


no reduction in Vmax y , and no reduc¬ 
tions were found in male children. How¬ 
ever, our data also show that female chil¬ 
dren of maternal smokers had lower flow 
rates than did male children. These in¬ 
vestigators adjusted for parental pulmo¬ 
nary function before examining the as¬ 
sociation between parental smoking and 
children’s pulmonary function, because 
parental puimonary function highly/ 
correlated with parental smoking, adjust¬ 
ment for parental pulmonary function 
may have masked any association of pa¬ 
rental smoking with chil dren’s pulmo¬ 
nary function. Speizer and coworkers 

(16) , in a large population sample of ap¬ 
proximately 8,000 children (the Six-City 
Study), initially found no association be¬ 
tween parental smoking and children’s 
FEVl After additional' cohorts were 
added to this sample (1), a small but sig¬ 
nificant association was found. Dodge 

(17) , in a sample of 676 children, demon¬ 
strated no decrease in FEVY in children 
whose parents smoked. As noted, the as¬ 
sociation in our data between parental 
smoking and lower levels of children’s 
pulmonary function occurred with those 
pulmonary function tests that reflect 
small airway function; FEF**- m VmaXr*, 
and Vmax*, (table 4). Failure to demon¬ 
strate an association between PEFR or 
FEV t and parental smoking is, therefore, 
not inconsistent with our findings. 

Two reports have presented analyses of 
the association between parental smok¬ 
ing and FVC; one found no association 
(15), whereas the other demonstrated a 
small increase in FVC (1). Our data also 
show that FVC was slightly but signifi¬ 
cantly larger in those children exposed 
to maternal smoking. Chance may bej^ae 
explanation for this as$odation t ^lf- 
*Hough plausible hypotheses can be con- 
4$triacted. An increase in FVC may b$ due 
man rngrease in the amount of ludg pa- 
rehcfa^iC to an increase in the complj- 
anajofthe lung or chest wall, or to in¬ 
creased muscularity. Abel and associates 

(18) found that the lung weight/body 
weight ratio in female rats whose mothers 
received nicotine throughout pregnancy 
was higher than in control animals. No 
significant differences were observed for 
other organs. Exposure to nicotine in 
utero may result in an increase in lung 
parenchyma, which, if subject to normal 
growth in childhood, might result in an 
increased vital capacity. Several stimuli 
in early life have been reported to result 
in increased lung parenchyma, including 
hypoxia (19), increased oxygen consump¬ 
tion (20), and human growth hormone 
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(21). However, the relevance of these stim¬ 
uli in the setting of passive cigarette 
smoke exposure is not known. 

Because our data are cross-sectional, 
it was not possible to identify a critical 
time in a child’s life that these effects of 
parental smoking occur. Limitation of 
the effect of parental smoking on chil¬ 
dren’s pulmonary function primarily to 
female children, and finding a small as¬ 
sociation with paternal smoking but none 
with ex-smoking, suggested that some ef¬ 
fect occurs after birth. Because we have 
no assurance that ex-smoking mothers 
smoked during pregnancy, finding no as¬ 
sociation with ex-smoking does not by 
itself rule out an effect occurring m utero . 
The absence of modification of the 
maternal smoking association by the age 
of the child in this sample of children 5 
to 14 yr of age suggests that the effect 
either occurs before the age of 5 or is non- 
cumuiative. Prospective analyses de¬ 
signed to evaluate the timing of the ef¬ 
fect' of maternal smoking are needed. 

Evidence that the use of a gas stove 
in the home is associated with lower pul¬ 
monary function in children is conflict¬ 
ing and unconvincing. Florey and col¬ 
leagues (22) demonstrated that NO* con¬ 
centrations in the home were not 
associated with PEFR, FEV 0 .„, or 
FEF^i in children. Keller and cowork¬ 
ers (23) found no decreases in FVC or 
FEV 0 . y * in subjects from homes with gas 
stoves. However, only 42% of the eligi¬ 
ble sample had pulmonary function 
measurements, and only half of these 
were 15 yr of age or younger. Dodge (17) 
showed no decrease in children’s FEV, 
associated with gas stove exposure. Speiz- 
er and coworkers (16), in the Six-City 
Study, and Hasselblad and associates (13) 
found associations between exposure to 
a gas stove in the home and lower FEV t 
and FEV«. T1 in children, respectively, but 
the latter only in older female children. 
Subsequent analyses with additional co¬ 
horts in the. Six-City Study showed as¬ 
sociations that, although of similar mag¬ 
nitude, were no longer statistically sig¬ 
nificant (1). 

Ideally, classification of children by 
parental smoking or gas stove use should 
pertain to the period in a child’s life that 
the effect is hypothesized to occur. If the 
effect is due only to current parental 
smoking or current gas stove exposure, 
then the classification used here is ade¬ 
quate. However, if the effect of the ex¬ 
posure occurred in the past, then some 
subjects may have been misclassified. The 
result of this type of misclassification is 


to bias an association toward the null hy¬ 
pothesis of no association (24). Because 
no association was found between chil¬ 
dren’s pulmonary function and gas stove 
use, such a bias might be the explana¬ 
tion. However, the association between 
children’s pulmonary function and pa¬ 
rental smoking could only have been 
weakened by a misclassification bias. The 
failure to find a dose-response relation¬ 
ship between the current level of mater¬ 
nal smoking and children’s pulmonary 
function may have resulted from a simi¬ 
lar misclassification. Because data were 
not collected on the lifetime smoking 
habits of the parents, it is possible that 
the current smoking amount did not re¬ 
flect the dose responsible for the effect. 
Classification by current smoking cate¬ 
gory may have blurred the true dosage 
categories, making the categories simi¬ 
lar with respect to true dose. 

In the previous analysis of the ques¬ 
tionnaire data from our Pennsylvania 
population (3), a history of severe chest 
illness before 2 yr of age was associated 
with a diagnosis of asthma. Thus, fail¬ 
ure to find an effect of chest illness on 
pulmonary function, after controlling for 
asthma and persistent wheeze, is not sur¬ 
prising. The association between chest 
illness and asthma could be explained by 
parents of children with asthma or 
wheeze preferentially recalling chest ill¬ 
nesses. It is also possible, however, that 
decrements in pulmonary function as¬ 
sociated with chest illness occurred only 
when asthma or wheeze also were pres¬ 
ent In the Tbcson population. Burrows 
and coworkers (25) found an association 
between respiratory illness before 16 yr 
of age and airways obstruction in adults. 
The strength of the association increased 
with the age of the adult, and was pres¬ 
ent even after excluding asthmatics. Be¬ 
cause our data address only the child¬ 
hood effects of chest illnesses occurring 
before 2 yr of age, no direct comparison 
with the data from the Tucson popula¬ 
tion is possible. 

The observed association between a 
history of a prolonged hospitalization at 
birth and lower pulmonary function was 
unexpected. Infants with bronchopulmo¬ 
nary dysplasia may have lower levels of 
pulmonary function that persist into 
childhood (26). Unfortunately, we do not 
have the data to investigate whether bron¬ 
chopulmonary dysplasia played a role in 
the association found in our data. 

The independent risk factors identified 
for diminished pulmonary function in 
this population of children include pa¬ 


rental cigarette smoking, .* especially 
smoking by the mother, prolbngcd 
hospitalization at birth, and low SES. 
Children with asthma or persistent' 
wheeze also had, as would be expected; 
lower levels of pulmonary function. No 
independent associations of pulmonary 
{motion with gas stove use or severe chest 
ifiness before 2 yr of age were found. The 
long-term effects of these risk factors on 
pulmonary function are currently un¬ 
known and will require prospective evalu¬ 
ation! 
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SUMMARY: Family aggregation of pulmonary function measurements 
was analyzed in the nuclear families of the Tucson epidemiologic 
study of airway obstructive diseases (AOD). There were 271 parental 
pairs and their natural children who had satisfactory pulmonary 
function data. Initial regression analysis showed significant 
correlations of the pulmonary function variables after controlling 
for age and sex. Body habitus, as measured by the Ponderal Index, 
was highly aggregated as well. Pulmonary function measurements 
were aggregated in families independent of family size, reported 
diagnosed AOD, and children's smoking, even though both asthma and 
smoking showed significant familial aggregation. After controlling 
for the familial aggregation of body habitus, a major determinant 
of pulmonary function, there was no remaining independent 
aggregation of pulmonary function measurements. It was also 
determined that parental passive smoking had no effect on children's 
pulmonary function measurements. 
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SUMMARY Family aggregation af putmanery function maeswamaats was enatyrad * tha 
riaer tamtllos ri tha TUcao* agldamlriogk study •» slnrsy aha tractive ittiiM iAODV The*» 
wt% 271 pewtUl pair* ark thrir natural children who had satisfactory pulmonary function data. 
Mila I regression enthrals sh o w e d slgnlHcanl cerreUtlan* «4 the pulmonary tuncUon wteWea 
•flat eon trailing for sga snd Mt tody habitus, as measured by the Penderel Max, was highly 
aggregated at watt. Pulmonary function measurements worn aggregated m famlttot Independent 
of family size, reported diagnosed AOQ, and children's smoking, even though Oath ttlhma and 
amoking ahawod significant tamlllal aggregation. Attar oontroWng for the lamlUal aggregation 
of Oody habitue, a motor datarmtnant of pulmonary function, tharo was no remaining t n dapan 
dant aggroga Uon of pulmanary function measurements, It wot also datann ln od that porontal 
petal** amokin g had no off act an ■Ntdron't pulmonary function meas u remen ts . 

AM MV ran* Oft mat; 


vicvm; test* of mtcrobiervcr variability I 


Introduction 

Clinicians hive noted that airways 
obstructive diseases, especially emphy¬ 
sema, appear to run in families, and 
this has been a common observation 
since the early nineteenth century (1,2). 
Except for the rare homozygotic alpha r 
amitrypsin deficiency, other genetic 
predispositions to chronic obstructive 
diseases have not been clearly demon¬ 
strated (3). Studies in England have 
^demonstrated that there is a g en e tic 
■- Basis of asthma (4, 3). Recent studies 
have demonstrated aggregation of pul¬ 
monary function in twins (6, 7)v and 
recent population studies have shown 
that pulmonary function measurements 
appear to be aggregated in families 
(S-10y 

It has long been recognized that 
body size and configuration are geneti¬ 
cally determined, yielding familial ag¬ 
gregation of body habitus; body habi¬ 
tus has a major influence on pulmo¬ 
nary function. Although adjustment 
for height to predict a person’s lung 
function is standard, this is not suffi¬ 
cient when examining interi&dividual 
correlations of body habitus with lung 
function. Thus, h is necessary to eval¬ 
uate the interaction of body habitus in 
the analysis of familial aggregation of 
pulmonary function. 

This report attempts to examine the 
relationship of pulmonary function 
measurements in the family, of body 
habitus relationships in the family, and 
the interaction thereof. The influence 
of a history of airways obstructive dis¬ 
ease is parents and children, smoking 
In parents and children, family size, 
and the influence of passive smoking, 
which are possible confounding vari¬ 
ables, ait examined as well. 

Methods 

Data on nuclear families reported herein are 
derived from the lUcson Epidemiological 
Studies of Airways Obstructive Diseases, 
which has been described previously (11). 
The population under study Is a multistage 
stratified cluster sample of white, non-Mcx- 
idan-American families in the lUcson ana. 


where stratification was on age of head of 
household and on socioeconomic tutus. 

In the first year of this study (1972-1973), 
questionnaires were completed on all sub¬ 
jects. These included a respiratory history 
and a family history with a family tree. Sub¬ 
jects 12 yr of age and older completed their 
own questionnaires. Mothers, or substitutes 
if the mothers were not available, completed 
them for children younger than 12 yr of age 
(11). Comparisons of maternal and self re¬ 
porting performed for smoking histories 
showed no discrepancies. A separate study 
showed no significant differences, in chil¬ 
dren S to II, in parental versus self reporting 
of chronic symptoms (12). Pulmonary func¬ 
tion tests were performed satisfactorily in 
over 90*71 of those 6 yr of u* And older, 
using techniques previously described (13). 

Nuclear families were defined as families 
in which there wert a mother, a father, and 
ai least one natural child of the pair. There 
were 344 nuclear families of the 1,635 fam¬ 
ilies studied (approximately 25%). The 
number of subjects involved In these nu¬ 
clear families represent about 1,400 of the 
3,100 subjects in the total study population. 
There wctc 271 families in which both par¬ 
ents and I or more of their children had 
satisfactory pulmonary function measure¬ 
ments in the first year of the study. These 
were analyzed as units. We also considered 
relationships between parent-child pairs, 
spouse pain, and sibling pain. 

The presence of airway obstructive dis¬ 
ease in the children and the parent was ob¬ 
tained from the questionnaires, as was 
smokihg history (for those 15 yr of age and 
older). Family size, obtained from house¬ 
hold records, was alio used to determine if 
It was a confounding variable. 

As previously described, all measure- 
menu were made by trained nurse inter- 


all measurements indicated no significar 
differences (11, 13). Standing height (H) i 
inches, sitting height in inches, and weigl 
(W) in pounds were used to calculate if 
Pondera! Index (14), an index of body hab 
tus (iA, H/W) k This index had the be 
correlation with pulmonary function tea 
when compared with other indexes of hoc 
habitus. 

The pulmonary function tneasuremcn 
used were: forced vital capacity (FVC 
forced expiratory volume in one wear 
(FEV,X and maximal expiratory flows aft 
50 and 73% of the FVC had been expir 
(Vraix» and Vmax fH respectively). Ea 
subject's function was first corrected f 
height and weight, using regression equ 
tions derived from data on asymptoma 
Donsmoken in this population. These a 
tected values did not explain iQ effects 
body habitus. 

Comparisons of children's and pares 
pulmonary function variables (expressed 
percent predicted) were performed fir 
before accounting for parental body ha 
tus; these were performed before and af 
Z-score transformations. The Z-scores i 
Standard normal variates: for each subje 
the ob se rved value was subtracted from i 


(Micenod in origibgffom October J3L ZWEZi 
bt jtvu mti farm hiey X 1NJ) 
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group mean and divided by the group stan¬ 
dard deviation (z* » (»ijk - ljk)/xjk, for 
each i subject, j age group, k sex). This re¬ 
moved further cffecu of age and sex and 
gave all values the tame units. All pulmo¬ 
nary function variables wrrt then adjusted 
for the individual child’s Pondera! Index 
and the parental PoodtnJ Indexes (where 
significantly correlated with the pulmonary 
function variables) using regression tech¬ 
niques. The Zncorcs were recalculated for 
each of these pulmonary function variables 
within each age-sex group represented in the 
parent-child pairs. The Z-tcort technique is 
useful for looking *1 specific effects of ocher 
explanatory variables, such as smoking. 

Familial aggregation was estimated by 
analysis of variance (ANOVA), which cor¬ 
responds to the intraclass correlation as 
described by Donner and Koval (15). These 
investigators demonstrated that this method 
was slightly better than the maximal likeli¬ 
hood estimator if the true correlation was 
likely to be less than OJ. Both were better 
than the usual product-moment correlation 
method. They also demonstrated that dif¬ 
ferences in results with inclusion or exclu¬ 
sion of one child were minimal and nonsig¬ 
nificant. The multivariate components of 
variance method of ANOVA is more useful 
than other methods of examining aggrega¬ 
tion in that it gives separate estimators for 
variance components and allows usual test¬ 
ing of significance of those estimates. Anal¬ 
yses of variance were performed using the 
children's pulmonary function measure¬ 
ments as the dependent variable, using age, 
sex, smoking, and body habitus indexes of 
the children and the parents as covariates, 
with parents’ pulmonary function (as con¬ 
tinuous variables) as the explanatory vari¬ 
ables (main effects) in the ANOVA. Covari¬ 
ates were all continuous variables except 
•ex. Main effects were grouped into equal 
thirds. Two- and three-way interactions were 
examined. The regression option was used 
to remove covariate effects, other main ef¬ 
fects, and interaction effects from the con¬ 
tribution of each main fact or i using SPSS 
programs on a DEC-10 Cyber 175 Univer¬ 
sity Computer System. In the case of nu¬ 
clear family analyses using analyses of vari¬ 
ance, the analyses were done for all families 
and separately and for those with 2 or more 
children (15). For analysis of parent-child 
pain, the male/fern ale oldest child was 
used. For analysis of sibling pairs, the 2 
oldest children of each sex in the family 
were used. 


VUautts 

The characteristics of members of the 
nuclear families with pulmonary func¬ 
tion test* are shown in table 1, There 
we highly significant product-mo¬ 
ment correlations of measures of body 
habitus between all children and their 
parents, after adjusting for age and sex. 


TABLE 1 

characteristics of faaents and children 

# YEA AS Of AGE AND OLDER) IN NUCLEAR 
FAMILIES WITH PULMONARY FUNCTION 
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The linear regression of all the chil¬ 
dren's H/W 1 " on mothers* H/W 1 '* had 
a correlation (r) of 0.804 (p < 0.0001); 
with fathers, r was 0.773 (p < 0.0001). 

There were also some significant prod¬ 
uct-moment correlations of the amount 
of smoking (pack-years) between vari¬ 
ous pairs, especially between fathers 
and children siblings and spouses (p < 

0.001), even though many fewer chil¬ 
dren than parents smoke. The signifi¬ 
cant correlations were between father 
and both daughters and sons, between 
siblings, and between spouses; the 
mothers-sons correlation of smoking 
was borderline (p - 0.085). There was 
no correlation of smoking with any 
of the measurements of body size or 
habitus. 

Product-moment correlations be¬ 
tween children's and parents’ pulmo¬ 
nary function measurements were sta¬ 
tistically significant (t as much as 0.30) 
prior to adjusting for covariates. The 
most significant aggregation of a pul¬ 
monary function measurement prior to 
body habitus correction was with FVC, 
which as a volume measurement is 
most closely correlated with body habi¬ 
tus. The relationships were also strong 
and significant for FEV„ but were less 
often significant for the flow variables, 

TABLE t 

PHTgtClAN-CONFlRMED EVER ASTHMA IN NUCLEAR FAMILIES 


No Atttwna Om Parent iotti Nnmi 

In Parent* with Asthma With Asthma 


FwtUIIM, A 
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3 

Famiuaa wtth 1 ♦ 

HB* 

Si 

100 

atthmatie child, % 

Otoaat children wtth 

1* 

HI 

3X3 

asthma, % 

Children, n 

*3* 

122 

11 

CWidran with asthma, % 

15* 

117 

•36 


Rata* *f mam* atfr*hrai**i WgA w wA am at mam nwmtt nw wb 9 < OBCfr 


However, regressions of the children’s 
percent predicted pulmonary function 
against parents* pulmonary function 
and body habitus measurements showed 
significant correlations of the children** 
pulmonary function with the parents’ 
body habitus, as well as with their own 
body habitus. After body habitus and 
age corrections, the previous correla¬ 
tions of pulmonary function variables 
between any of the pairs were no 
longer present. Thus, the relation be¬ 
tween children’s lung function and par¬ 
ents* lung function is likely to be related 
to their similar body habitus. 

Despite the aggregation of asthma 
(table 2), it was not a factor in the ag¬ 
gregation of pulmonary function meas¬ 
urements when tested by ANOVA 
There was no family aggregation of 
present diagnosed chronic bronchitis 
for emphysema. The presence of these 
other airway obstructive diseases in 
parents and/or children were not fac¬ 
tors in the relationships between pul¬ 
monary function measurements in the 
family (by ANOVA). Family *iie was 
•ot found to be a significant factor m 
*«ny of the analyses. Analyses of vari¬ 
ance for families with 2 or more chil¬ 
dren only, as well as for all families (1 
child or more), yielded similar results. 
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TABLE 3 


CHILDREN'S VOLUME AND FLOW MEASUREMENTS IN RELATION TO FARENTS* VOLUME AND 
FLOW MEASUREMENTS, CONTROLLING FOR OTHER VARIABLES {BY ANOVA)’ 
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To tccount for all of the possible 
significant covaritbles and interactions, 
we used multivariate analysis of vari¬ 
ance to, evaluate aggregation of FVC, 
FEV t , Vmaxoo, Vmaxy». Each explana¬ 
tory variable was treated as an indepen¬ 
dent contributor to the dependent vari¬ 
able: The results for all 4 pulmonary 
function variables were similar, so only 
i volume (FVC) and 1 flow (Vmix M ) 
variable art shown (table 3)l „ 

Without covariate controls or ad¬ 
justed children’s pulmonary function, 
the parents’volume measurements con¬ 
tributed significantly to the explana¬ 
tion of the children’s measurements. 
These significant relationships for 
FVC, FEV U and Vmax* were also pres¬ 
ent after age and sex were used as co¬ 
variates and parental smoking was used 
as explanatory variables (table 3). 
However, adjusting for smoking re¬ 
duced the significance of fathers’ FVC 
and both parents’ Vmax**. Barents’ 
smoking was significant only <or 
Vmax„ (maternal smoking only). Fur¬ 
thermore; we did not find any relation 
between fathers’ or mothers’ smoking 
and their spouses* pulmonary function. 

The body habitus-corrected FVC and 


Vmax M of the children as the depen¬ 
dent variables had no significant rela¬ 
tionship with any of the explanatory 
variables, where both the parents’ pul¬ 
monary function variables had been 
corrected for body habitus as well. The 
total amount of variability explained in 
these analyses was significant for FVC 
and FEV, (p - 0.001)l 
The analyses of variance performed 
on the pulmonary function measure- 
menu of partm-oldest child, spouse, 
or sibling pairs yielded negative results. 


There wen two exceptions to this: the 
contribution of the father’s Vmax» on 
the daughter’s Vmax M was significant 
(p « 0.046); howrveT, the total variance 
explained was not significant: As that 
only left 1 of 24 comparisons signifi¬ 
cant, motber-son FVC (p of main effect 
■ 0.028), and one might expect ap¬ 
proximately 2 of these many compari¬ 
sons (n * 24) to be significant by chance 
alone (at p < 0.05), this was considered 
a chance finding. Performing the same 
analyses after correcting for smoking 
habits in the parents and children, and 
after analyzing by whether airways ob¬ 
structive diseases were present or not, 
did not change the results. 

The children’s Z-score-corrected pul¬ 
monary function variables were com¬ 
pared among smoking and nonsmok¬ 
ing parents; the results are shown in 
table 4. As can be seen, parental smok¬ 
ing did not have a significant effect on 
children’s pulmonary function; smok¬ 
ing habits of others in the household 
(predominantly siblings) did not have 
any effect either. 

EHocuooIbn 

It is generally agreed that body habitus 
is genetically determined; it certainly 
has high familial aggregation. Pulmo¬ 
nary function variables are measure¬ 
ments that are highly dependent on 
various characteristics of body habi¬ 
tus. Pulmonary function measurements 
have previously been shown to aggre¬ 
gate in families when body habitus in 
the families was not accounted for (8, 
9). In our study, we first saw strong 
correlations between parents’ and chil¬ 
dren’s pulmonary function measure¬ 
ments, significant for FVC, FEV*, and 
Vmax*. However, when we controlled 
for body habitus in the examination of 
the relationship between parents* and 


TABLE 4 


Z VALUES OF CHILDRENS PULMONARY FUNCTION BY PARENTAL SMOKING 
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children*i pulmonary function meas- m^ftrhuxn^ « 0.043pfconsider- 


mrmentt, we no longer found such re¬ 
lationships. Thus, familial correlations 
for observed pulmonary function, es¬ 
pecially FVC, were dependent on fami)- 
ial affrcfation of body habitus, even 
after controlling for afe and sex. It can 
not be construed as an overadjustment 
of familial data, as the underlying fa- 
milial aggregation is one of body habi¬ 
tus characteristics. This is more a ge¬ 
netic effect than one of dietary or en¬ 
vironmental effect, as shown by the * 
weaker relationship between siblings 
and the lack of a relationship of body 
habitus between spouses. 

On the other hand, we ffld detect a 
familial relationship of asthma between 
-children and parents independent of 
nokinf and pulmonary function 
'neasures (table 2), which confirmed 
findings of Sibbald and coworkers (4, 
5k and Tbwnley and associates (16). lb 
insure that this is not strictly a result of 
reporting bias, objective measures such 
as bronchial-reactivity would have to be 
done to confirm the relationship, as has 
been done by Townley and associates 
(16). This familial aggregation of asth¬ 
ma did not affect the findings for any 
familial aggregation of pulmonary 
function. 

We found also that smoking habitus 
aggregated in families but was prob¬ 
ably an environmental influence only. 
Spouses and siblings had the closest 
relationships of smoking habits (r - 
0-29 and 0J0, respectively). Smoking 
habits of both sons and daughters cor¬ 
related more highly with those of their 
fathers (r - 0.22 and (121, respectively) 
than with those of their mothers (r - 
0.08 and 0.03, respectively). 

Previously, we had not found a rela¬ 
tionship between children*! and par¬ 
ents* chronic symptoms by parental 
r smoking (20). When we examined ef- 



ing the number of ways in which the 
comparisons were made, this one dif¬ 
ference probably was not meaningful. 
When children's pulmonary function 
was adjusted for paternal body habitus 
as well as their own, there was no sig¬ 
nificant parental smoking contribu¬ 
tion. Alack of a relationship be t we en 
parental smoking and children's pul¬ 
monary function, even without correct¬ 
ing for parental pulmonary function or 
body habitus, had been reported by 
Speizer and coworkers (17, IS), Schil¬ 
ling and associates (10k and Dodge 
(12). Tkger and colleagues (19) had re¬ 
ported this association, but it too might 
disappear if corrected for the family 
aggregation they found (9), and/or 
body habitus. It is possible that con¬ 
trolling for body habitus in a family 
may be controlling for other genetic 
and host factors as well. 

Finally, we did not find any signifi¬ 
cant interaction b e t w een the smoking 
habits of either parent smoking and 
their spouses* lung function (table 3), 
similar to Comstock and coworkers 
(21) and Schilling and associates (10), 
but different from Kauffmann and 
coworkers (22V 
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SUMMARY: To investigate the effects of air pollution on the 
respiratory health of children, a subject of some controversy, a 
comparative study was undertaken of 2,385 school children who lived 
in central urban, peripheral urban, and suburban areas. Daily 
monitoring of sulphur dioxide and total suspended particle 
concentrations in all areas showed that pollutant concentrations 
in central and peripheral urban areas were above commonly accepted 
safety levels for respiratory health, while concentrations in the 
suburban area were within acceptable limits. A questionnaire 
administered to each mother assessed environmental exposure to 
pollutants in the household, the occurrence of respiratory symptoms 
as well as lung diseases as diagnosed by a physician, and general 
information. Children were interviewed about smoking habits and 
any acute respiratory symptoms. Children also performed standard 
lung function tests. Results showed that children from both urban 
areas had lessened pulmonary function and a higher prevalence of 
bronchial secretion with common colds than did those from the 
suburban area. These differences persisted after corrections for 
exposure to indoor pollutants, active or passive smoking, 
socioeconomic status, and sex. Parental cigarette smoking was 
related to a fall in forced expiratory volume in 1 second 1 and an 
increased incidence of acute respiratory illnesses and chronic 
cough in children. Although boys had higher lung volumes and lower 
air flow, regression analysis showed no significant influence of 
the interactions "sex-geographic area" and "sex-smoking" on lung 
function. It was concluded that air pollution had a significant 
effect on the respiratory health of children. 
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The Effects of Air Pollution 
on the Respiratory Health of Children: 

A Cross-sectional Study 

S. Spinaci) MD,*-W. Arossa, MD,* M. Bugiani, MD* P. Natale, PhD/ C. Bucca, MD;* 

and G. de Candussio, MD§ 


Summary. To investigate the effects of air pollution on the respiratory health of children, 
a subject of some contrcversy, a comparative study was undertaken of 5,385 school chil¬ 
dren who lived in central urban, peripheral urban, and suburban areas. Daily monitoring 
of sulphur dioxide and total suspended particle concentrations in all areas showed that 
pollutant concentrations in central and peripheral urban areas were above commonly 
accepted safety levels for respiratory health, while concentrations in the suburban area 
were within acceptable limits. A questionnaire administered to each mother assessed en¬ 
vironmental exposure to pollutants in the household, the occurrence of respiratory symp¬ 
toms as well as lung diseases as diagnosed by a physician, and general information. Chil¬ 
dren were interviewed about smoking habits and any acute respiratory symptoms. Children 
also performed standard lung function tests. Results shoved that children from both ur¬ 
ban areas had lessened pulmonary function and a higher prevalence of bronchial secre¬ 
tion with common edds than did those from the suburban area. These differences per¬ 
sisted after corrections for exposure to indoor pollutants, active or passive smoking, 
socicconomic status, and sex. Parental cigarette smoking was related to a fall in forced,, 
expiratory volume in 1 second an^an increased incidence of acute respiratory ilV 
nesses and chronic cough in children. Although boys had higher lung volumes and lower 
a»r flow, regression analysis showed no significant influence of the interactions •'sex- 
geographic area*' and "sex-smol£mg"on lungfunaion. It was concluded that air poliutioq) 
has a significant effect on the respiratory health of children^ {Key words: active and pas- 
sis* smoking; respiratory health of children; sulphur dioxide, total suspended particle cone; 
urban vs sub urban air pollution.) Pediatr Puimonot 1985; 1:269-266. 


Although many authors have reported that air 
pollution has a negative effect on the respiratory 
health of children. 1 * 4 this finding has not been 
confirmed by others/* 4 According to Ericsson 
and Camner 1 * these contrasting results could be 
due either to the different degree of exposure of 
the tested populations or to the inadequate as¬ 
sessment of exposure when data collected from 
one or two monitoring stations are considered 
to be representative for the whole area. 

The purpose of the present study was to com¬ 
pare the respiratory health of children from two 
urban areas with that of a control group from 
a suburban, semlrural area. All subjects lived 
within 500 meters from a monitoring station. 
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Methods 

The study was undertaken during the winter 
of 1980-1981 In two urban areas of TUrtn, one 
central (UC) and one peripheral (UP), and in a 
suburban area (SU) that served as a control. 

Seven stations scattered throughout each of 
the three areas monitored daily sulphur dioxide 
(S0 2 ) and total suspended particle (TSP) concen¬ 
trations. SOi was measured using a coulomet- 
ric analyzer (PW 9.700 Philips. Philips Electronic 
Instruments Inc., Mahwah. N.J.) and TSP by a 
gravimetric method (Gelman low rate sequen¬ 
tial sampler. Gelman Sciences, Inc., Ann Arbor. 
Mich.). 

Tb ensure as far as was possible that the popu¬ 
lation had been uniformly exposed to air pollu¬ 
tants, we recruited, in each of our three geo¬ 
graphic locations, children living In the same 
area who were attending the sixth grade at a Jun¬ 
ior high school located within 500 meters from 
a monitoring station. 

Respiratory health was assessed by means of 
lung function measurements and a question- 
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nalre. The questionnaire, administered to moth¬ 
ers, supplied information about general data, en¬ 
vironmental exposures to pollutants in the 
household, respiratory symptoms, lung diseases 
diagnosed by a physician, and parental history: 
the latter Included questions about education, 
occupation, smoking habits, and respiratory 
health. Each child was interviewed confiden¬ 
tially about his or her smoking habits and any 
acute respiratory symptoms. 

Flow-volume curves were obtained by means 
of a Hewlett-Packard 40801 M computerized 
pneumotachograph (Hewlett-Packard Company. 
Waltham. Mass.). The best forced vital capacity 
(FVC), forced expiratory volume in 1 second 
(FEV,). forced expiratory flow between 25 and 
75 % of FVC (FEFu. n ). and maximal expiratory 
flow at 50% of FVC (Vm*x««*) were selected ac¬ 
cording to Taussig et al." Lung function tests 
were not performed until ten days following 
recovery in subjects with acute respiratory 
illness. 

General linear model analysis (GLM) was done 
taking lung function values as dependent vari¬ 
ables. 11 The set of independent variables in¬ 
cluded: geographic area: sex (male ■ 1. female 
* O); age: height: body weight: active and pas¬ 
sive smoking (yes « 1. no - 0. and dally num¬ 
ber of cigarettes): socioeconomic status defined 
as father's total years of education; central heat¬ 
ing (yes » l.no ■ 0); type of stove (gas ■ 1. elec¬ 
tric - 0): and exhaust hood (unused » 1. used 
■ 0). Geographic areas were compared using 
Shefle's method. 11 

lb evaluate the effect of air pollution on respi¬ 
ratory symptoms and diseases a logistic regres¬ 
sion analysis' 4 was performed using geographic 
area. sex. active and passive smoking, socioeco¬ 
nomic status, central heating, stove type, and ex¬ 
haust hood use as independent variables. The 
Interactive effect of independent variables as 
they related to dependent variables (lung func¬ 
tion; respiratory symptoms and Illnesses) were 
evaluated, and the usual criteria for significance 
were used. 


Results 

The mean concentrations of pollutants for the 
winter months (October to April) as well as for 
the year in the three areas are shown in Figure 1. 

Out of 2.439 eligible children. 2.385 (1.266 
boys and 1.119 girls) entered the study. The re¬ 
maining 54 subjects were not Included because 


A 



B 



f>9urc 1—Concentrations of (top) Sulphur dioxide (SO»)and 
(bottom) total suspended particles (TSP) in central (UQ, pe¬ 
ripheral (UP) and suburban (SU) areas during the winter (Oc¬ 
tober to April) 0* 1980-1981 (white bars) and for the whole 
year (dotted bars). 

of parental objections (14 cases) and other 
reasons. 

General data fEtble 1) indicated that the num¬ 
ber of boys was greater, although not signifi¬ 
cantly sa in UP. while the socioeconomic status 
was significantly higher in SU As the prevalence 
of current smokers was very low(1.3%). children 
who had smoked even one cigarette during their 
lifetime were considered to be smokers; a signif¬ 
icantly higher prevalence of smoking was found 
in UC (P < 0.01). 

The adjusted prevalence rates of respiratory 
symptoms and Illness computed from logistic 
multiple regression (table 2) shewed that the rate 
of bronchial secretions with common colds was 
significantly higher In urban areas, while that 
of asthma was significantly lower. Although 
some symptoms and diseases were less common 
among girls, we did not observe any interaction 
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Effects of Air Pollution on Chiidren-5p:ndo ef if. 


table 1 -Characteristics of the Study Population by Geographic Area and Sex in Absolute Numbers, Nearest Percentage 

or Mean ($D) 




Boys 



Girts 


- 

UC 

UP 

SU 

UC 

UP 

SU 

No. of subjects 

359 

813 

94 

360 

668 

91 

Age (years) 

17.2 

11.3 

11.1 

11.1 

11.3 

112 


(0.4) 

(04) 

(0«) 

(04)1 

(0.4) 

<0«) 

Height (cm) 

148 

149 

149 

146 

147 

147* 


(7 0) 

(7-0) 

(7 0) 

(7.0) 

(7 0) 

(70) 

FTE (years) 

5.1 

62 

68 

6.1 

6.3 

6 9 

Smofcing habit (%) 

(30) 

(3 5) 

(3 2) 

(28) 

(36) 

(3.2) 

Father 

60 

62 

54 

65 

62 

59 

Mother. 

23 

23 

25 

23 

24 

21 

Child* 

15 

7 

4 

9 

S 

3 

Exhaust hood (%) 

S3 

21 

43 

30 

20 

46 

Gas stove (%) 

99 

99 

99 

99 

99 

99 

Central heating (%) 

30 

29 

32 

31 

29 

311 


Key-. 

UC • uroan oemrai. 

UP » urban oenpneraJ.' 

SU • SuburtMn. 

FTE - Oner's total yttn of education. 

• The prevalence of smoking m UC « other area* * **ruficar* (F < 0.01} 


of the variable sex-geographic area and respi¬ 
ratory iline 

*1 

canf 



>ugh {P < 0.01). but this symp¬ 
tom had such a low prevalence that the finding 
must be regarded with caution. 

We detected. In both sexes, a significant as¬ 
sociation between geographic area and lung 
function (Thbie 3). with a lower FEV, and forced 
airflow rates being observed in both urban areas. 
Notwithstanding the difference between sexes, 
the interaction sex-geographic area produced 
no further effect on lung function. 



Active smoking by mother 
or father* the use of a gas stewe and exhaust hood, 
and all the other in teractions had no statistically 
significant effect on lung function. 


Discussion 

The significantly lower FEV, and airflow rates 
and the higher prevalence of bronchial secretion 
during acute respiratory infections found in chil¬ 
dren from the two urban areas suggest that a 
consistent level of air pollution has a negative 


effect on respiratory health. In both urban areas 
the annual average concentrations of SOa and 
particulates were well above 100 ngfm*, a level 
that according to the World Health Organiza¬ 
tion. 14 can cause adverse effects. 


The results of this study are in agreement 
with those reported by Saric 2 and Chapman iff 
a population exposed to similar levels of air pol¬ 
lutants. Although other authors have not found 
that exposure to air pollution has any significant 
effect on respiratory health, this discrepancy is 
probably due to in one instance to an insufficient 
sample size* and in another to the negligible pol¬ 
lution concentrations. 4 The results of a study 
that had both an adequate sample size and lev¬ 
els of pollution (Kerrebjin’) could have been af¬ 
fected by the selection of a geographic area as 
a control that had been cleaned only one year 
before the study. 

In accord with the findings of Rasmussen et 
aL in adults, 1 ’ we found higher expiratory flows 
In children living In houses with central heat¬ 
ing. Indoor air pollution, expressed as the pres¬ 
ence of gas stoves and unused exhaust hoods, 
had no significant effect on respiratory health, 
confirming the results of Mella. 19 
active and 




Fan ad* 

; no association was found between 
children's respiratory health and maternal 
smoking. This finding is at variance with other 
tfreports'*^Indcanbeexplained by the lowex- 




Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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-posure of our population to maternal smoking 
because of the 

imoked out- 

aide th^wne(40%). 

Although, as has been reported prevlously. >, * u 
boys from the three areas had i) a higher preva¬ 
lence of wheezing, shortness of breath, and 
asthma: 2) lower airflow rates: and 3) higher lung 
volumes, no significant Influence of the interac¬ 
tion sex-geographic area on lung function or re¬ 
spiratory illness was detected. In contrast with 
other studies'* “ we did not observe that boys 


table 9— Prevalence (%) of Respiratory lUness and Symptoms 
Adjusted for Socioeconomic Status and Active and Passive 
_Smotang in the Three Geographic Areas 



Geographic Areas 

UC UP SU 

Effects 

P 

Cough with edds 






Boys 

48.1 

48.0 

482 

Area 

NS 





Sex 

NS 

Gifts 

42.0 

43.1 

41.2 

Sex. Area 

NS 

Chronic cough 






Boys 

06 

05 

0.4 

Area 

NS 





Sex 

NS 

Gris 

0.7 

06 

05 

Sex. Area 

NS 

Bronchial sea. 






Boys 

238 

22.2 

15.1 

Area 

<0.01 





Sex 

NS 

Gris 

21 8 

21.1 

15.0 

Sex, Area 

NS 

Chronic bronchial; 






sea: 






Boys 

0.8 

0.8 

0.6 

Area 

NS 





Sex 

NS 

Grts 

0.9 

0.8 

0.6 

Sex, Area 

NS 

Wheezing 






Boys 

53 

55 

5.3 

Area 

NS 





Sex 

<0.01 

Girls 

2.1 

2.1 

20 

Sex, Area 

NS 

Shortness of 






bre«h. 






Boys 

3.0 

3.1 

3.9 

Area 

NS 





Sex 

<0.01 

Girls 

1-5 

1.8 

15 

Sex, Area 

NS 

Asthma 






Boys 

1.6 

1J 

45 

Area 

<0.01 





Sex 

<0.01 

Girls 

0.7 

0.8 

1.1 

Sex. Area 

NS 

Aft 






Boys 

20.1 

205 

21.0 

Area 

NS 





Sex 

NS 

Gris 

19.2 

19J 

215 

Sex, Area 

NS 

*T<2) 






Boys 

16.0 

155 

16.1 

Area 

NS 





Sex 

NS 

Gris 

15.9 

16.0 

16.2 

Sex, Area 

NS 


UC • urban central. 

U* » urban peripheral. 

SU • suburban. 

Aft • acute re sp ir a tor y Ones in the last rwoyean 
RT(ff) • resp*aeory troubles m the fW* two yean of life. 


tftbl* 3— Means of Lung Function Measures Adjusted for Age, 
Height, Socioeconomic Status, Active and Passive Smoking, 
and Central Heating in the Three Geographic Areas 



Geographic Areas 

UC UP SU 

Effects 

P 

FVC(I) 

Boys 

2.77 a 

2.76 a 

2.81 a 

Area 

Sex 

NS 

<0001 

Grts 

257 b 

259 b 

257 b 

Sex, Area 

NS 

rev. 0) 

Boys 

2.36 a 

2 36 a 

2.42 b 

Area 

Sex 

<0.001 

<0.001 

Gifts 

2.27 c 

2.31 c 

8.34 d 

Sex, Area 

NS 

0/1) 

Boyf 

2.76 a 

2.62 a 

2.91 b 

Area 

Sex 

<0.001 

<0.001 

Grts 

2.98 c 

3.04 c 

3.13 d 

Sex, Area 

NS 

0/S) 

Boys 

3 28 a 

350 a 

3.41 b 

Area 

Sex 

<0-020' 
<0 001 

Grts 

350 c 

352 c 

3.66 d 

Sex, Area 

NS 


Key-. 

UC ■ urban central. 

UP * urban penpncrai. 

SU • suburban. ^ * 

•■9. C- >nd d ind icate d»ff trtncq among areas (tdenocal kerters mean no 
significant deference). 


had a different sensitivity to passive or active 
smoking than did girls. In our population, sex 
did not modify the response to air pollution and 
smoking. 

The greater number of asthmatics in the SU 
group was Independent of socioeconomic status 
and might be due to a higher allergen concen¬ 
tration In this semirural area. This hypothesis 
needs to be confirmed by pollen monitoring and 
allergologlc studies. 


lng. and .passive smoking wnenbotJTparents 
smoke HroaTnegativeefrectoti tfie" nTOro^y 


health of children. 
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ABSTRACT. Results are reported from a study of the association 
between exposure to sidestream cigarette smoke or gas stove 
emissions and pulmonary function level and growth rate of 7,834 
children seen at 2-5 annual visits between the ages of 6-10 years. 
Children whose mothers smoked one pack of cigarettes per day had 
levels of forced expiratory volume in one second (FEV1) at age 
eight that were 0.81% lower than children of nonsmoking mothers 
(p<0.0001), and FEV1 growth rates approximately 0.17% per year 
lower (p = 0.05) . For a child of age eight with an FEV1 of 1.62 
liters, this corresponds to a deficit in rate of change of FEV1 of 
approximately 3 ml/annum and a deficit of 13 ml at age eight. 
Children whose mothers smoked one pack per day had levels of forced 
vital capacity (FVC) at age eight that were 0.33% higher than 
children of nonsmokers (p = 0.12); however, their growth rates of 
FVC were 0.17% per year lower (p = 0.04). Because few mothers 
changed their smoking habits during the course of the study, it 
was not possible to determine whether the difference in rate of 
growth was due to current exposure or to an effect of prenatal and 
early childhood exposure on the course of development. The 
magnitude of the effect on FEV1 is consistent with deficits in 
FEV1 of up to 3% in early adult life due to childhood exposure to 
sidestream cigarette smoke. The importance of this relatively 
small effect will be evaluated further through follow-up of these 
children as they are exposed to other risk factors such as personal 
active smoking. The data provide some evidence for an association 
between gas stove exposure and pulmonary function level, especially 
at younger ages, but no evidence for an effect of gas stove exposure 
on growth rate. 
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Berkey, C. S., J. K. War*, D. W. Dockery, B. G. Ferria, Jr. (Harvard School of 
Public Health, Boston, MA 02115), and F. E. Spetzer. Indoor air pollution and 
pulmonary function growth in pr*adolescent children. Am J Epkktmiol 
1988; 123250-60. 

Results are reported from a study of the association between exposure to 
sidestream cigarette smoke or gas stove emissions and pulmonary function level 
and growth rate of 7,834 children seen at 2-5 annual visits between the ages of 
6-10 years. Children whose mothers smoked one pack of cigarettes per day had 
levels of forced expiratory volume in one second (FEY,) at age eight that were 
0.81% lower than children of nonsmoking mothers (p <0.0001), and FEV, growth 
rates approximately 0.17% per year lower (p * 0.05). For a child of age eight 
with an FEV, of 1.82 liters, this corresponds to a deficit In rate of change of FEV, 
of approximately 3 ml /annum and a deficit of 13 ml at age eight. Children whose 
mothers smoked one pack per day had levels of forced vital capacity (FVC) at 
age eight that wyre CL33% higher than children of nonsmokers (p * 0.12); 
however, their growth rates of FVC were 0.17% per year lower (p m 0J>4). 
Because few mothers changed their smoking habits during the course of the 
study, ft was no i possible to determine whether the difference in rale of growth 
wet due to current exposure or to an effect of prenatal and early childhood 
exposure on the course of development The magnitude of the effect on FEV, is 
consistent with deficits in FEV, of up to 3% in early adult Ufa due to childhood 
exposure to sidestrea/n cigarette smoke. The importance of this relatively small 
effect will be evaluated further through follow-up of these children as they are 
exposed to other risk factors such as personal active smoking. The data provide 
some evidence for an association between gas stove exposure and pulmonary 
function level, especially at younger ages, but no evidence for an affect of gas 
stove exposure on growth rate. 
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Although outdoor air pollution has long 
been recognized as a potential health haz¬ 
ard, the contaminants of indoor air from 
either the passive diffusion of outdoor air 
J to the indoors or from indoor sources have 
i only recently received similar attention. A 
recent National Academy of Science report 
Cl) concluded that the principal population 
exposure to several pollutants may be as¬ 
sociated with activities inside the home. In 
particular, “for many people the main or 
sole exposure to numerous gaseous and par¬ 
ticulate compounds results from passive ex¬ 
posure to tobacco smoke * (I, page V^2) 
and “unvented gas cooking is probably re¬ 
sponsible for a large portion of nitrogen 
dioxide exposures in our population* 1 (1, 
page ES-8K 

Several epidemiologic studies have re¬ 
ported higher frequencies of respiratory ill¬ 
nesses or reduced pulmonary function 
levels among children exposed to side¬ 
stream cigarette smoke (2-7). Although 
some investigators have not found such 
associations (8-11), the bulk of the evi¬ 
dence strongly supports a positive relation¬ 
ship. The evidence regarding the health 
effects of gas stove emissions has been less 
consistent. Melia and coworkers (12, 13) 
reported increased illness and symptom 
rates but no reduction in pulmonary func¬ 
tion level among children exposed to gas 
stove emissions, while Speizer and col¬ 
leagues (7,14) found lower pulmonary func* 
lion levels but no increases in illness or 
symptom frequencies. Keller et al. (15) re¬ 
ported no associations and Hasselblad et 
al (4) found reduced pulmonary function 
levels only among older girls. 

Since each of these studies relied on 
cross-sectional data, little is known about 
the association between exposure to indoor 
air pollutants and growth rate of pulmo¬ 
nary function, A recent report, however, 
has suggested that pulmonary function 
growth rates may be affected by exposure 
to sidestream cigarette smoke (16). The 
Harvard Study of Air Pollution and Health, 
an ongoing longitudinal investigation of the 
health effects of air pollutants, both indoor 
and outdoor, provides an opportunity for 


further investigation of this question. This 
report describes the association between 
the rates of change of two measures of 
pulmonary function—forced expiratory 
volume in one second and forced vital ca¬ 
pacity—and exposure to sidestream ciga¬ 
rette smoke or gas stove emissions among 
a sample of 7334 children receiving spiro- 
metric examinations on two or more occa¬ 
sions between their sixth and tenth birth¬ 
days. Estimated pulmonary function levels 
at eight years of age are also investigated 
for associations with pollutant exposure. 

Materials and methods 

The study enrolled 12352 children in six 
geographic areas of the eastern and mid- 
westera United States (Watertown* MA; 
Kingston and Harriman, TN; Steubenville 
and Mingo Junction, OH; a geographically 
defined section of St. Louis, MO; Portage, 
Wl ^nd several surrounding communities; 
and Topeka, KS) between 1974 and 1981. 
At the initial and subsequent annual ex¬ 
aminations, children were aeen in their 
schools for determination of height and 
weight and for t spLrometric examination. 
At each visit, children took home a stand¬ 
ardized questionnaire to be completed by a 
parent or guardian. The questionnaire re¬ 
quested information about parental smok¬ 
ing habits, type of cooking fuel used in the 
home, parental education, and respiratory 
illness and symptom histories for the par¬ 
ticipating child and the parents. Each child 
in grade Tout or higher was asked privately 
about personal smoking habits. Additional 
information regarding the study design is 
provided elsewhere (17). 

Standing height and weight were meas¬ 
ured in stocking feet and the children per¬ 
formed forced expiratory maneuvers on a 
water-filled recording spirometer (Survey 
Spirometer, Warren E. Collins, Braintree, 
MA) while sitting with free mobility and 
without a noseclip. Each child performed 
at least five forced expirations but not more 
than eight. Forced vital capacity (FVC) and 
forced expiratory volume in one second 
(FEV,) were measured for each blpw judged 
acceptable by the examiner. The mean of 
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the best three efforts was calculated after 
correction for body temperature and water 
saturation. A more detailed description of 
the measurement procedures is given else¬ 
where (18). 

The analyses presented were restricted 
to white children with at least two accept¬ 
able pulmonary function measurements be¬ 
tween their sixth and tenth birthdays. We 
excluded five-year-olds because of the 
poorer cooperation and greater learning ef¬ 
fect seen in this age group (18). The tenth 
birthday was selected as the upper limit to 
avoid the adolescent growth spurt for most 
children. Dickman et al. (19) found that the 
pulmonary function growth spurt begins 
when the child is about 154 cm tall, which 
fewer than 3 per cent of children reach by 
age 10 (20). Detels et al. (211 found that 
peak growth velocity for FEV, occurred 
about one year after peak growth velocity 
for height, which occurred at age 10 for 
girls and at age 12 for boys. 

For this report, an examination was ex¬ 
cluded if the child reported smoking at least 
one cigarette per week at the time of the 
examination. The data for each child-were 
reviewed longitudinally, as described in the 
next section, to identify atypical values. 

Statistical methods 

For each spirometric examination, we 
produced a predicted FEV, and FVC based 
on the child’s height, weight, sex, and age. 
Previous work had shown that analyses of 
children’s pulmonary function measure¬ 
ments should utilize the natural logarith¬ 
mic transformation (18). For this analysis, 
predicted values for the logarithms of FEV, 
and FVC were calculated using the model 
developed in that work, but with regression 
coefficients re-estimated from the data set 
analyzed for this report. The model in¬ 
cluded the logarithms of height, weight, and 
age plus an indicator variable for sex and a 
•ex-specific height term. An FEV, residual, 
defined as the difference between the loga¬ 
rithms of the observed and predicted FEV, 
values, was then calculated for each exam- 
Lianon. An FVC residual was calculated 
similarly. 


To identify children with inconsistent 
observations, standard deviations of these 
FEV, residuals, and separately of the FVC 
residuals, were computed for each child. 

Sixty-six children had strikingly large 
standard deviations for either FEV, or FVC 
(more than 5 standard deviations from the 
sample mean). The serial values for each of 
these children were reviewed. In each in¬ 
stance, a clearly erroneous value was found 
and the FEV, and FVC for that examina¬ 
tion were deleted from that child’s record. 

Analysis of the FEV, or FVC residuals 
was based on a two-step growth curve 
method (22). In the first step of the analy¬ 
sis, each child’s series of pulmonary func¬ 
tion residuals was regressed on the age* 

(centered at tight years) at the successive 
examinations. The coefficients of the fitted K 
regression line provided estimates of the 
child’s pulmonary function growth rate and 
level at age eight. The antilogarithm of this 
growth rate times 100 expresses each I 

child’s rate of change of pulmonary func¬ 
tion as a percentage of the population mean 
annual growth rate. The antilogarithm of 
the level times 100 is the child’s per cent of 
predicted pulmonary function at age eight. 

The expression of pulmonary function level 
at an age common to all children was re¬ 
quired for comparability in subsequent 
analysis of risk factors. For clarity, we re¬ 
port the level and growth rate as difference* 
from 100 per cent. Thus a child: whose 
observed pulmonary function values were 
all equal to the predicted values would have 
a level of 0 per cent and growth rate of 0 
per cent per year. 

Figure 1 illustrates this method of sum 
marizing the FEV, values for an individual 
child, a girl who had four examination* 

Her logarithm (FEV,) values are plotted 
against the four ages; also shown are the 
predicted logarithm (FEV,) values. Thedif 
ferences between each pair of points are the 
four FEV, residuals. The regression Urw 
fitted to these four residuals yields the r* B£ v ; 
timated FEV, growth rate and level for ih» 
child. 

The second step of the growth run* 
method used the coefficients of these fitted 
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F>cuiLE 1. Calculation of growth rate and level of InfFEVi) for an individual child. The residuals in the 
apper panel, Le^ the difference between obaerved and predicted ln(FEV\), were refreaaed on age in the lower 
panel 



repression lines as the dependent variables 
in a further regression analysis. Specifi¬ 
cally, the estimated levels and growth rates 
for FEVi and FVC (thus, four dependent 
variables) were analyzed separately by 
weighted least squares regression. Each 
weighting variable was the inverse of the 
estimated variance of the individual level 
or slope, defined as the sum of the between- 
aubject and within-subject variances. The 
between-subject variance was common to 
all children, but the within-subject vari¬ 
ance, and therefore the weight, depended 
on the number of examinations and the 
ages at examination. In particular, children 
with only two observations received the 
lowest weights. The variance components 
were estimated by an iterative procedure 
based on the methodology of Hui and Ber¬ 
ger (23) and Fay and Harriot (24). These 
weights also were used to calculate 
weighted means of FEV| and FVC level and 
growth rate for the full sample and for 
subgroups defined by values of demo¬ 
graphic variables and risk factors. All 


weighted means and 'regression coefficients 
were exponentiated and expressed in per 
cent. ^ 

The independent variables of primary 
interest included parental smoking habits 
and type of cooking stove. Maternal and 
paternal smoking status was defined by 
classifying each parent as a smoker if they 
were reported to be a current smoker at 
any examination and a nonsmoker other¬ 
wise. Maternal and paternal smoking level 
was defined as the average over examina¬ 
tions of number of cigarettes smoked per 
day. Stove type was defined as the propor- 
tion of examinations with a positive re- 
sponse for gas stove. CC 

Four different models for effects of pa- CO 
rental smoking were considered (table 4). CO 
Model 1 included both maternal and pater- GO 
nal smoking status, Model 2 included only CO 
.maternal smoking status, and Model 3 in- 
eluded the number of parents who smoked. h* 
Model 4 included maternal smoking level 
to investigate the existence of an exposure- 
response relationship. Each analysis also 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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included indicator variables identifying the 
geographic area of residence and a three- 
level variable for socioeconomic itatus 
based on the average number of years of 
education of the child’s parents (less than 
nine, nine to 12, more* than 12). Other 
variables considered in the analysis in¬ 
cluded a, reported history (yes/no) of phy¬ 
sician-diagnosed respiratory illness before 
two years of age and a history (yes/no) of 
bronchitis prior to the initial examination. 


ments from the same child; this included 
the complete elimination of 33 children 
with two inconsistent observations. The re¬ 
maining 22,901 observations from 7,834 
children represented 88.4 per cent of alt 
observations collected for white children 
between six and ^0 years of age. When 
examinations are grouped by half-years of 
age, the mean values of the unadjusted 
FEVi, height, and weight are slightly higher 
for boys than for girls (table 1). 


Results 
Sample 

Between the 1974-1975 and 1980^1981 
school years, 12,252 children less than 10 
years of age were seen at least once. Of 
these, 11,140 were white and 1,112 were 
from other racial groups. This analysis is 
restricted to the 7,867 white children who 
had at least two acceptable pulmonary 
function examinations during that period 
Fourteen measurements were eliminated 
because the child reported smoking at Least 
one cigarette per week at the time of the 
examination. Ninety-nine additional meas¬ 
urements were excluded because they were 
inconsistent with the other serial measure- 
l 

Table 1 

Mean FEV U FVC, height, and weight by age and sei for 7,$34 children examined 2-5 time* bet ween their 6th 

and 10th birthdays 


Demographic variables and respiratory 
health 

The mean (deviation from predicted) 
FEVi level at eight years of age for the 
7,834 children was -0.02 per cent (table 2) 
and the fcean (deviation from predicted) 
growth rate was +0.03 per cent per year. 
Neither of these values differed signifi¬ 
cantly from 0. Mean FVC level was -0.13 
per cent and mean growth rate was +0.15 
per cent per year. The growth rate for FVC 
was significantly different from 0 (p < 
0.01). Mean values for boys and girls were 
not significantly different for any measure 
(table 2). 

Earlier reports from this study (18) in- 


Af* (roup 
<y**n> 


No. 


FEV, (bun) i 


FVC 


Height (inrun) 


Weight (fcg) 


Boy i 


6- 

456 

1-294 

1.471 

1.181 

. 22.75 

63- 

982 

1.356 

1344 

1304 

24.05 

7- 

1,341 

1.440 

1.656 

1336 

2538 

73- 

1,655 

. 1319 

1.749 

1360 

26.67 

*- 

1365 

1.617 

1373 

1391 

28.40 

63- 

1349 

1.692 

1369 

1318 

30.10 

9- 

1,739 

1.787, 

2.083 

1346 

, 3130 

93-C10 

1,660 

1366 

2.181 

1373 

3332 




Girl§ 

.. .. 


6- 

480 

1.210 

1352 

1.174 

22.14 

63- 

1,002 

1.276 

1.429 

1.197 

23.43 

7- 

1,299 

1373 

1339 

1329 

25.06 

73- 

1,700 

1.425 

1.605 

1353 

26.29 

8- 

1,745 

1319 

1.714 

1385 

28.15 

83- 

1327 

1393 

1307 

1311 

29.71 

9- 

1,689 

1.690 

1317 

1341 

31.73 

9-5-clO 

1.612 

1.768 

2.010 

1369 

33.63 


ro 

o 

CO 

CO 

GO 

CO 

JO 


: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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Table 2 

Weighted means (stan dard errors) of pulmonary function levels and growth rates (deviations from predicted) of 
, number of examinations, c ity of residence, parental education, and illness history 




FEV, 

i 

FVC 


Variobfe 

Na 

M(%) 

Growth me 
(%/jwer) 

L***H%) 

Growth me 

(%/yr) 

Total 

fiei 

7*34 

-0.02 (0.12) 

. * 

40.03 (0.05) 

-0.13 (0.12) 

40.15 (0.05) 

Boy* 

3,989 

-0.03 (0.27) 

40.03 (0.07) 

—4UM (0.17) 

+0.14 (007) 

Girts 

No erf examination* 

X845 

-0.06 (0.17) 

40.03 (0.07) 

—021 (0.17) 

40.17 (027) 

2 * 

1ST? 

-0.53 (0-241 

40.34 (0.14) 

-0.72 (022) 

4024 (0.12) 

3 

3,099 

4026 (0,19) 

40.10 (0.06) 

40.09 (0.16) 

4024 (0.07) 

4 

2240 

+QA5 (0_22) 

-0.11 (0.07) 

40.16 (022) 

-0.18 (0.07) 

1 

13 

—2.15 034) 

-0.09 (0.66) 

-1.17(223) 

-1.00 (0.71) 

3+ 

5,157 

40.17(0.14) 

40.02 (QL06) 

+0.11 (0.14) 

40.07 (0 05) 

Cay 

Ponace. W1 

1,250 

4122 ( 021 ) 

-0.41 (0.12) 

42.19 (020) 

-0.61 (0.12) 

Topeka, KS 

1,216 

-0.97(0.32) 

+1.06 (0.14) 

-1.06 (0.31) 

+1.71 (0.13) 

Watertown^ MA 

1234 

-1.06 (029) 

40.15 (O il) 

-225(028) 

40.18 (0.11) 

KingttonjTN 

993 

-0.64 (025) 

-0.25 (0-14) 

40.11 (024) 

-026(0.14) 

Sl Louis, MO 

1246 

-0.07 (0:28) 

-o.oi mi) 

-0.19 (027) 

4023 (0.11) 

Steubenville, OH 

Parent*] education 

M95 

40.50 (0-28) 

-0.19 (0.11) 

4021 (027) 

-0.08 (0.11) 

* 

< High ocbool 

980 

-0.68 (025) 

-0.15(0.15) 

-027 (024) 

+0.00(0.14) ' 

High school 

3248 

-0.06 (0.17) 

-0.02 (0.07j* 

-021 (0.17) 

40.11 (0.07) 

> High tchool 

Mitaing 

2,665 

241 

4021 (021) 

40.18 (0.06) 

40.19 (0.20) 

4020(0.06) 

ffcyiiciaa-diagpoaad ret- 

pirttory iilneti at 
<2 yean old 




• 

* 

No 

6,600 

40.05 (0.13) 

-0.02 (0.05) 

-0.00 (0.13) 

40.19 (0.05) 

Yet 

Mining 

214 

1,020 

-123 (0.75) 

-0.01 (0.30) 

4025(0.72) 

-0.13 (029) 

Notary of bronchitis 

No 

6,640 

40.16(0.13) 

40.02 (0.05) 

-0.15 (0.13) 

40.17(0.05) 

- Yt* 

- Muting 

1,143 

61 

-103 (0-32) 

40.03 (0.13) 

40.11 (021) 

40.07(0.12) 


dicated that pulmonary function measure¬ 
ments at the initial examination were often 
kmer than the predicted values, presum¬ 
ably due to a learning effect which occurs 
subsequent to this initial examination. 
Theoretically, this effect of first examina¬ 
tion should be most noticeable among chil¬ 
dren with only two measurements, whose 
levels will be negatively biased and growth 
rales will be positively biased. In fact, chil¬ 
dren with only two measurements (table 2) 
had a statistically significant negative 
mean level of FEVi (-0.53 per cent) and a 
statistically significant positive mean 
growth rate (+0.34 per cent per year). For 
children with three or more visits, the mean 


FEVj level (+0.17 per cent) and mean rel¬ 
ative growth rate (+0.02 per cent per year) 
were not significantly different from 0. 
Similar results were found for FVC (table 
2 ). 

Parental education, a measure of socio¬ 
economic status, was associated with both 
level and growth rate. Children whose par¬ 
ents were least educated had the lowest 
mean level and the lowest mean growth 
rate for both FEVj and FVC (table 2). Both 
level and growth rate increased mo noton i- 
cally with level of parental education. All 
regression analyses to test for effects of 
parental smoking or gas stoves were there¬ 
fore adjusted for parental education. 




Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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Two indicators of early respiratory ill¬ 
ness, reported physician-diagnosed respi¬ 
ratory illness before two years of age and 
reported history of bronchitis, were associ¬ 
ated with significantly lower mean FEV t 
levels (p< 0.02 and p< 0.001, respectively), 
but not with growth rates (table 2). No 
associations, were found between either 
measure of early respiratory illness and 
FVC level or growth rate. These two indi¬ 
cators of early respiratory illness were not 
considered in the subsequent analyses. 

Parental smoking 

The mean values of FEVi level and 
growth rate by parental smoking status 
suggest an independent effect of each par¬ 
ent's smoking on both outcome variables 
(table 3). Children whose parents did not 
smoke had both the highest level and high¬ 
est growth rate. A regression analysis in¬ 
cluding maternal and paternal smoking sta¬ 
tus, city of residence, anti parental educa¬ 
tion gave an estimated effect of maternal 


smoking on FEVi level of-0.61 per cent (p 

* 0.03) and for paternal smoking of -0.41 
per cent (p * 0.14) (table 4). For FEV, 
growth rate, the estimated effect of mater¬ 
nal smoking was -0.09 per cent per year (p 

* 0.43) and the estimated effect of paternal 
smoking was -0:02* pet cent per year ( p - 
0.87). Since paternal and maternal smoking 
behavior were positively correlated, the 
analysis was repeated with only maternal 
smoking included in the model, yielding an 
estimated effect of -0.80 per cent (p « 
0.002) for FEVi-level, and -0.10 per cent 
per year (p — 0.32) for FEV* grpwth rate. 
A weighted regression analysis including 
the number of parents who smoked as the 
independent variable gave estimated effects 
of -0.47 per cent (p « 0.003) per smoker 
for FEVj level and -0.09 per centper year 
(p - 0.19) per smoker for growth rate. 

To assess the evidence for an exposure- 
response relationship, parental 1 smoking 
level was then defined as the number of 
cigarettes smoked by each parent. A regret-? 







Table 3 

Weighted means (standard errors) of pulmonary function levels and growth rates (deviations from predicted). a( 
7£34 children by parental smoking habits and stove type 


Variable 

A 

FEV 


FVC 

No. 

Level (%) 

Growth rate 
It/ynr) 

Level (*) 

Growth rate 
(%/ye«r) 

Parental smoking 






Neither 

2P42 

+0.65 (0.24) 

+0.15 (0.10) 

—0.02 (053) 

+051 (0.09) 

Father only 

13T7 

+0.26 <0.25) 

-0.04 (0.10) 

-056 (0.24) 

+0.16 (0.10) 

Mother only 

738 

+0.02 (0.40) 

-0.06 (0.15) 

-0.06 (059) 

-0.06(0.15) 

Both 

2,484 

-054 (0.22) 

+0.01 (0.09) 

+0.08 (051) 

+0.15(0.08) 

Milting 

693 





Maternal smoking (cig- 






smtet/diy) 






0 

4308 

+0.45 (0.17) 

+0.08 (0.07) 

-0.18 (0.16) 

+051 (0.06) 

1-5 

431 

+0.41 (052) 

+056 (050) 

-050 (050) 

+0.49 (0.19)i 

6-15 

916 

-0.14 (056) 

-0.13(0.14) 

-050 (055) 

+0.05(0.14) 

16-25 

1,446 

-0.79 (0,29) 

+0.02 (0.11) 

+059 (058) 

-0.00(0.11)' 

26-35 

534 

— 1.86 (0J47) 

-0.23(0.19) 

—052 (0 46) 

+0.03(0.18) 

36-45 

202 

-055 (0.77) 

-052 (051) 

+0.72 (0 74) 

+0.08 (050)! 

46+ 

53 

+151 (152) 

+0.44 (0.65) 

+057(1.46) 

+0.48 (0.61)i 

Missing 

44 





! Stove type 






4 Electric 

3,698 

+0.29 (0.18) 

-0.02 (0.07) 

+0.48 (0.17) 

+0.10(0.07)1 

j Gas 

3360 

-0.27 (0.19) 

+0.06 (0.07) 

-0.65 (0 18) 

+059 (0.07)i 

Both 

563 

-0.12 (0.45) 

+0.08 (0.17) 

-0.48 (0.44) 

+056 (0.17)i 

t Missing 

213 
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Table 4 

Ref muon coeffieie nU(in per cent, with standard errors) for four different measurtt of parental cigarette 
smoking and for gas stove exposure in explanatory models for level and growth rxite of InfFEVJ and Inf FVC) 



FEV, 

t 

FVC 



Level 

Growth rate 

Level 

Growth rste 


Measures of exposure to parental smoking* 



Model 1 





M* terns l smoking sums 

—0.61 (0.27) 

—0.09 (0.11) 

0.46 (0.27) 

—0.14 (0.11) 

Pste rival smoking tutus 
Model 2 

-0.41 (028) 

-0.02 (0.11) 

—0.12 (0.27) 

ao9(o.ii) 

Maternal smoking jutus 
Model 3 

—<180 (025> 

-aio «no) 

054 (0^25) 

-0.13 (0.10) 

No. of smokers 

Model 4 

-0.47 (0.16) 

-009 (0.07) 

0.16 (0.16) 

-0.02 (0.07) 

Maternal smoking level 





(packs/day) 

-051 (0.21) 

-0.17 (009) 

053 (021) 

-0.17 (0.06) 


Exposure to gas stove t 



Fwnct of s gas ttovt 

-0.41 (0.32) 

0.09 (0.13) 

-056 (051) 

0.06 (0,12) 


* All models include city and parental education. 

t All models include city, parenUl education, and maternal tmoking tutus. 


son analysis including maternal smoking 
level, city of residence, and socioeconomic 
autus gave an estimated effect on FEV a 
level of-€ l 81 per cent (p « 0.0001) and on 
growth rate of -0.17 per cent/per year (p 
• 0.05) per pack of cigarettes (table 4). 
These results are qualitatively consistent 
with those achieved using parental smoking 
•talus but more highly significant, as would 
be expected when substituting a measured 
lor a discrete exposure variable. The ma¬ 
ternal smoking level is a measure of total 
cifirettes smoked per day by the child’s 
another, and may overestimate smoking in 
the home. The reversal seen at 46+ ciga¬ 
rettes per day (table 3) may be due to the 
small sample size in this group and over- 
enimation of the child’s exposure. When 
considered alone, paternal smoking level 
•a» not a significant predictor of level or 
growth rate. 

No statistically significant associations 
•ere found between FVC values and paren¬ 
tal smoking status (table 4). The estimated 
effect of maternal smoking level on FVC 
level was +0.33 per cent per pack (p « 0.12) 
and the estimated effect on growth rate was^ 
HU7 per cent per year per pack (p * 0.04). 


Gas cooking - * 

*r 

Mean values of the pulmonary function 
measures were calculated for children ex¬ 
posed to only one stove type and for chil¬ 
dren exposed to both electric and gas stoves 
(table 3)i Weighted regression analysis con¬ 
trolling for amount of maternal smoking as 
well as for city and parent&Taducation 
found no significant associations between 
gas stove exposure and pulmonary function 
measures (table 4). The estimated effects 
of gas stove exposure on pulmonary func¬ 
tion level were —0.41 per cent (p * 0.41) 
for FEVi and -0.56 per cent (p « 0.07) for 
FVC. Stove type was not significantly as¬ 
sociated with pulmonary function growth 
rates/ 

Discussion 

Although numerous cross-sectional stud¬ 
ies have found an association between 
childhood respiratory health and parental 
smoking habits, those studies have been 
unable to assess the degree to which pul¬ 
monary function growth rates may be af¬ 
fected by exposure to sidestream cigarette 
smoke. Tager et aL (16) in a longitudinal 
study reported that children exposed to one 







Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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pack per day of maternal smoking experi¬ 
enced significant deficits in FEV, growth 
rate which resulted in an estimated cumu¬ 
lative deficit in FEV, level of 173 ml by 
adult life relative to children of nonsmok¬ 
ing mothers. This represents a deficit of 3 
to 4 per cent in maximum attained level of 
FEV, in early adult life. 

Our data indicate that children of moth¬ 
ers smoking one pack per day have an es¬ 
timated 031 per cent lower FEV t level at 
eight years of age than children of non¬ 
smoking mothers (p - 0.0001). Further¬ 
more, the estimated effect on FEV, growth 
rate is -0.17 per cent per pack per year of 
exposure between ages six and 10 (p • 
0.05). This corresponds to a deficit in FEV, 
growth rate of about 3 ml between the 
•ighth and ninth birthdays for a boy with 
an initial FEV, of 1.62 liters. It also implies 
a 1.14 per cent lower FEV) by age 10, or 
about 21 ml for a child whose predicted 
FEV) level in the absencfe of smoking ex¬ 
posure is 130 liters. Extrapolation of this 
effect to age 20 would imply a cumulative 
effect of 23 per cent Although these results 
are consistent in direction with the findings* 
of Tager et al. (16) in their study based in 
East Boston, MA, the estimated effect of 
maternal smoking on FEV, growth rate is 
only marginally significant in our data, and 
the size of that effect during the preadoles¬ 
cent years is substantially smaller than re¬ 
ported by Tager et al. This difference may 
be explained in part by a more substantial 
effect of parental smoking during adoles¬ 
cence, which cannot be observed in our 
preadolescent data. The use by Tager and 
colleagues of a nonlinear model which im¬ 
plies that the largest effect occurs in the 
early years of exposure is also a factor in 
the contrasting results for preadolescents. 
Our model assumes that the incremental 
effect of exposure to a certain level of cig¬ 
arette smoking, expressed in percentage 
terms, is independent of age and exposure 
history. The relatively brief follow-up in¬ 
terval of four years analyzed for this report 
does not allow discrimination between 


these linear and nonlinear exposure-re¬ 
sponse models. Although the estimated as¬ 
sociations between paternal smoking and 
FEV, measurements were similar in direc¬ 
tion to those seen for maternal smoking, 
they were consistently smaller and failed to 
achieve statistical significance. 

The observed association of both FEV, 
level and rate of growth with current ma¬ 
ternal smoking behavior could be explained 
either as a consequence of prenatal and 
early childhood exposure, which shifted 
children toward a lower track of pulmonary 
function growth* or as an effect of exposure 
during the period of follow-up: Presumably, 
most women who smoked during the period 
of follow-up had also smoked when their 
children wererfjuite young, although some 
may have abstained during pregnancy. In¬ 
deed, only 400 of 7,834 mothers reported a 
change in smoking status between the first 
and last examination, an interval of two to 
four years. 

To distinguish between the effects of cur¬ 
rent and early childhood exposure to ciga¬ 
rette smoke would require follow-up* pref¬ 
erably beginning during pregnancy or in 
early childhood, of a group of children 
whose exposure varied substantially over 
the period of follow-up. In the extreme, if 
mothers remained either smokers at a fixed 
smoking level or nonsmokers during the 
entire period from conception to adulthood 
of their children, current and early child¬ 
hood exposure would be identical and no 
such separation of effects would be possible. 
This is nearly the case in this study, in that 
few mothers reported a qualitative change 
in smoking status during the study, and 
changes in reported smoking level were pre¬ 
sumed to be due in large part to variability 
in reporting. Although several analyses 
were attempted to assess the effects of 
changes in smoking level from year to year 
after controlling for average exposure dur¬ 
ing the period of follow-up, these analyses 
showed that the available information was 
insufficient for this purpose. 

The observed associations between FVC 



Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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values and parental smoking behavior were 
somewhat different. A statistically signifi¬ 
cant positive association between maternal 
smoking and FVC had been seen in earlier 
cross-sectional analyses of data from the 
first two examinations (7), but the longi¬ 
tudinal data indicate that this positive as¬ 
sociation was smaller and no longer statis¬ 
tically significant by eight years of age due 
lo a significant negative association be¬ 
tween maternal smoking level and FVC 
growth rate. These results suggest that, if 
parental smoking leads to increased FVC 
levels in children up to age six, these effects 
may disappear as children mature. This 
pattern contrasts with the apparent in¬ 
mate in the cumulative effect of passive 
smoking on FEV, as children mature. 

Other cross-sectional studies have re¬ 
ported increased FVC levels in children 
exposed to cigarette smoke (25). In a recent 
repcrt of physiologic measurement in in- 
Itnlt, children of smoking mothers had 
larger functional residual capacities than 
comparable infants of nonsmoking mothers 
(26). Lung size has also been found to be 
increased in offspring of rats who received 
aicoune throughout pregnancy (27). The 
relevance of these findings to the observed 
association between FVC level and passive 
Booking is uncertain, however, ag£ the as¬ 
sociation may be a chance occurrence. 

Our data suggest that exposure to gas 
stoves has comparable effects on FEV, and 
FVC. Previous analyses had detected sig¬ 
nificantly lower levels of both pulmonary 
function indices at the first examination 
among children living in homes with gas 
stoves (7). The longitudinal data, however, 
show a small and nonsignificant positive 
association between gas stove use and pul¬ 
monary function growth rates, so that by 
the age of eight years the association be¬ 
tween gas stove exposure and FVC level, 
while atOV negative, was not statistically 
significant. These data could be interpreted 
as suggesting an effect of gas stove exposure 
among the youngest children which is par¬ 
tially reversible. For the present, however, 


this interpretation can be only tentative. 
The limitations of classification by stove 
type as a surrogate for measured exposure 
to nitrogen dioxide or other emission prod¬ 
ucts are now widely recognized. Studies 
using personal monitoring have shown that 
less than 5 per cent of the interindividual 
variation in levels of measured N0 2 is ex¬ 
plained by stove type, while up to 60 per 
cent can be explained by measurements In 
the home (28). Thus, future studies of NO* 
exposure should incorporate indoor or per¬ 
sonal monitoring. 

The results reported here are based upon 
a large sample of preadolescent children 
followed for a relatively short period of 
time. Nevertheless, they suggest that the 
effects on FEV, of exposure to parent*! 
cigarette smoking may be cumulative dur¬ 
ing the preadolescent yean. Moreover, 
children whose pulmonary function levd is 
reduced due to early environmental Expo¬ 
sures may show normal growth in percent¬ 
age terms but a growing deficit in absolute 
terms (liters) relative to the levels that 
would have been achieved in the absence of 
early effects. Thus,* these data are consis¬ 
tent with the hypothesis that children with 
deficient lung function levels in early child¬ 
hood fail to reach their full pulmonary 
function potential. One prevalent hypoth¬ 
esis is that adults who are at risk of devel¬ 
oping obstructive airways disease upon ex¬ 
posure to risk factors such as personal cig¬ 
arette smoking come in large part fronUiie 
pool of persons affected by childhood^ei- 
posures. Indeed, data obtained retrospec¬ 
tively in adult samples suggest that child¬ 
hood events are associated with adult dis¬ 
ease (29, 30). 

Insight into the validity of this hypothe¬ 
sis will come from continued follow-up and 
evaluation of these children, particularly as 
they pass through adolescence. Personal 
cigarette smoking will, unfortunately, be¬ 
come a factor for 20 per cent of these chil¬ 
dren (31). The data collected from these 
children will provide an opportunity to as¬ 
sess the association between early child- 
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hood exposures and the response to per¬ 
sonal cigarette smoking. 
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ABSTRACT: Respiratory symptoms and pulmonary function were compared 
in 46 nonsmoking children aged 10 to 16 years, whose parents were 
smokers, and an identical number of children (matched for sex, age 
and height) whose parents were nonsmokers. Passive exposure to 
parental tobacco smoke resulted in a higher prevalence of 
respiratory symptoms, more frequent upper airway infections and a 
significant decrease in forced expiratory flows; these effects 
were more marked in boys. The single-breath nitrogen washout test, 
a sensitive test of small airways obstruction in adults, did not 
detect any effect of involuntary smoking in this limited sample of 
children. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383225 



Bull. Eur. Phxsiopathoi. Respir. 
1986 , 22, 605-607 


CLINICAL! RESPIRATORY 
PHYSl^tOGY 


THE SINGLE-BREATH NITROGEN TEST DOES NOT DETECT FUNCTIONAL IMPAIRMENT 
IN CHILDREN WITH PASSIVE EXPOSURE TO TOBACCO SMOKE 

LE RINQAGE DE L'AZOTE EN RESPIRATION UNIQUE NE DETECTS PAS D'ANOMALIE FONCTIONNELLE CHEZ 
LES ENFANTS EXPOSES PASSIVEMENT A LA FUMEE DE TABAC. 

D.B. Teculescu, Q.T. Pham, W. Varona-Lopez, J.P. Deschamps, M. Marchand, J.C. Henquel, M. Manciaux* 


ABSTRACT: Respiratory symptoms and pulmonary function 
were compared in 46 nonsmoking children aged 10 to 16 years, 
whose parents were smokers, and an identical number of children 
(matched for sex. age and height) whose parents were 
nonsmokers. Passive exposure to parental tobacco smoke resulted 
in a higher prevalence of respiratory symptomsj^nore frequent 
upper Airway infections and a significant decrease in force® 


expiratory flow-s; these effects were more marked in boy? The 
single-breath nitrogen washout test; a sensitive test of small 
airways obstruction in adults, did not detect any effect of 
involuntary smoking in this limited sample of children. 

Forced expiration; passive smoking in children; sin¬ 
gle-breath nitrogen test. 


Children with involuntary (passive) exposure to 
tobacco smoke in their homes were reported to have 
more respiratory infections in the first year of life 
[6], more respiratory symptoms [5]l more frequent 
tonsillopharyngitis [13] and frequent hospital admis¬ 
sions for severe respiratory disease during childhood 
[10]; Some impairment of their pulmonary function, 
by analogy to that described for adults with passive 
exposure at work [21], could be expected, but the 
results of such studies were controversial [20][ In 
most studies, only the conventional measurements 
of forced vital capacity (FVC) and forced expiratory 
volume in one second (FEVi) were obtained, 
although wide agreement exists as to their poor sensi¬ 
tivity in detecting early airflow limitation [II]. 
Among others, the single-breath washout nitrogen 
(SBN;) test was proposed as a more sensitive means 
for detecting small airway dysfunction [2]. We here 
present a preliminary report of lung function measur¬ 
ements (SBN 2 test and maximal expiratory flows) in 
children with or without passive exposure to tobacco 
smoke in their homes. 


SUBJECTS AND METHODS 

Children and adolescents aged 10 to 16 years, 
attending a Preventive Medicine Centre with their 
families for a medical check-up, were asked to parti¬ 
cipate in a study of determinants of pulmonary func¬ 
tion if they had no known chronic disease and came 


* INSERM Units 115 and 14. and the Centre of Preventive Medic¬ 
ine. Vandoeuvre-tes-Nancy Correspondence: D. Teculescc 
INSERM U 115, BP 184. 54505 Vandoeuvre cedex. France. 
Received May 12. 1986; accepted after revision June 25. 1986. 


from an area without significant air pollution; 
between June and November 1983, 535 children 
volunteered. The ATS-DLD questionnaire [9], sup¬ 
plemented with questions on tobacco consumption 
bv the child and a history of acute respiratory infec¬ 
tions in the test two months was completed (interview 
of one parent by the physician). The FVC, FEV,, 
forced expiratory flows at 50 (FEF50) and 25% 
(FEF;s) (to be expired) of vital capacity were meas¬ 
ured with a pneumotachograph (Fleisch no. 3) and 
integrator connected to a microcomputer (Apple II). 
At least three satisfactory trials were required, the 
best result being recorded; the predicted values were 
those of Zapletal et al. [22]. The slope of the alveo¬ 
lar N: concentration (phase III - Pill) and the closing 
volume in per cent of the expired vital capacity 
(CV% VC) were measured [12] from a plot of N ; con¬ 
centration (Hewlett-Packard type 47302 A analyser) 
against expired volume (Fleisch no. I pneumotacho¬ 
graph + integrator) by a microcomputer (Apple II) 
using an algorithm derived from that of Craven et 
aL [7]l The SBN 2 was always done after the forced 
expiration to allow the validation of the slow vital 
capacity; two satisfactory trials were required and the 
mean value was retained. Statistics used the x : test 
with Yates's correction for small samples and the 
Student t-test. 


RESULTS 

Among the 505 children with complete questionn¬ 
aires and at least the forced expiration test, we ident¬ 
ified 52 who had both parents smokers. Six of these 
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Table li. - Anthropometric data and predicted values of pul- DtSCUSSION 

monary function tests 


Two parents smoke 
Yes No 


Sex distribution (boys/girls) 
Age (yr) 

Height (cm) 

Weight (kg) 

Predicted FVC (ml) 
Predicted FEVi (ml) 
Predicted FEV./FVC (%) 
Predicted FEF«o (mi s 1 ) 
Predicted KEF* (mi s ') 


23/23 23/23 

12.74 ± 1.47 12.82 ± 1.58 

153.3 ± 9.7 152:7 ± 8.8 

41.52 ± 8.65 41.43 ± 8.20 

2945 ± 628 2900 ± 517 

2627 ± 495 2588 ± 402 

89.6 ± 3,3 89.6 ± 3.4 

3628 ± 527 3585 ± 495 

1983 ± 269 1967 ±: 239 


x ±sd. All the differences are non-significant. For abbreviations 
in tables I and II. see text. 


children were active smokers themselves and were 
excluded, leaving 46 (23 girls) for analysis. Each 
‘case’ was matched for sex, age and height with a 
nonsmoking child whose parents were nonsmokers 
('control'). The matching was satisfactory as no sign¬ 
ificant differences existed for anthropometric vari¬ 
ables and for predicted values of ventilatory function 
(table I). The observed values of FVC and forced 
tows were** larger in children whose parents were 
nonsmokers (table II)rbut the differences were 
either small (e.g. 36 ml for FVC) or, when larger, 
represented a small part of intersubject variability 
( e.g. 301 mi s ' 1 for FEF 50 equalled only 0.33 of the 
standard deviation of the group of ‘control' children). 
The mean values of phase III N : slope and closing 
volume were similar for the two groups. Children,, 
whose- parents^ smoked, >were^slightly talterS v ihis? 

--ed^as percent 


t-test) lower in this grod 


'T5%^level^Student 


Chronic cough or sputum production were present 
in 9 ‘cases' and 3 ‘controls': although the gradient is 
large, numbers are too small for significance (cor¬ 
rected x : (Yates)=2.39). An acute respiratory infec¬ 
tion in the two months preceding the study was pre¬ 
sent in 20 ‘cases* and 7 ‘controls', this association 
being significant at the 1% level (corrected x : =7.54) 


Our main objective was to evaluate the yield of 
the SBN : test in detecting early abnormality in chil¬ 
dren with passive exposure to tobacco smoke. Before 
the analysis of the entire sample of children in respect 
to the smoking habits of their parents, we did the 
preliminary study reported here, in which only the 
extreme conditions (both parents smokers or both 
parents nonsmokers) were considered in a matched- 
pair approach. The result was clearly negative: the 
slightly higher (0.08% N 2 T l ) PHI in children ‘at risk' 
was due to an isolated high value (2.98% N 2 *I l ) in a 
girl; in boys. Pill was practically identical for the 
two groups (1.031 and 1.044% Nyl ’ 1 respectively). 
Incidentally, we wish to stress the fact that inability 
to perform the SBN 2 test was much more frequent 
among girls ‘at risk' (10 of 23) than in the 'control' 
group (3 of 23): this difference was not found for 
boys. Thus, our preliminary results in children using 
a computerized SBN 2 determination do not confirm 
the results obtained with manual calculations in adult 
smokers in whom Pill and CV% VC were signific¬ 
antly increased in subjects with normal spirography 
[4, 14]. 

The negative result was not due to the absence of 
aoyinfluencfcof paternal smoking on the respiraflfiy 
condition bf their childrei#The answers to the que¬ 
stionnaire indicate a threefold difference in the pre¬ 
valence of chronic dry and/or productive cough in 
exposed children; the difference was due to the 
subgroup of boys in whom 8 ‘cases' against 2 ‘con¬ 
trols’ had chronic cough or sputum^ ^^^^^ ^j^- 

two gro t up^was found in girls (9 vs 3) and boysfll 
vs~4) ; as^well. These findings are in agreement with 
those of Bland et al. [3] and Dodge etai [8] for the 
prevalence of respiratory symptoms and of Cameron 
et al. [5] for the increase in susceptibility to respira¬ 
tory infections. 


Table It. — Observed values of pulmonary function tests 


Two pArents smoke Significance 

(west) 



Yes 

No 


FVC (ml) 

3007 ± 697 

3043 ± 547 

NS 

(% pred) 

102.2 ± 10.0 

105.4 ± lli9 

NS 

FEV, (ml) 

2689 ± 564 

2769 t 504 

NS 

<% pred) 

102.3 i 9.7 

107.1 ± 12.I 

p < 0.05 

FEVWC<%> 

89.9 ± 5.4 

91,1 ± 4.3 

NS 

{% pred) 

100.3 ± 5 6 

101.7 ± 5.2 

NS 

FEF*. (ml s *)i 

3502 ± 792 

3803 t. 911 

NS 

(% pred) 

96.7 i 17 9 

106.8 ± 25 1 

p < 0.05 

FEF;< (mi s 1 ) 

1841 ± 566 

2007 ± 559 

NS 

(% pred): 

92 9 - 26.2 

101.7 ± 23:8 

NS 

Slope of Phase U1 

1.126 ± 0.418* 

L041 ± 0.386** 

NS 

(%N:T‘) 




cv/vc (%) 

3.77 ± 3.17* 

3,89 ± 2.60*“ 

NS 


x ± SD. • only 34 children with valid results: ** only 42 children 
with valid results. 


The ventilatory function of passive, smoking 
dreti 1 was"^ slightly" impiaired. Low numbers did not 
allow validation of minimal differences for indices 
like FVC; when differences were larger, intersubject 
variability was a limiting factor for significance. It 
is rather surprising, in these circumstances, to find 
significant differences such as those found by us for 
FEVi and FEF50. When the forced expiration vari¬ 
ables were compared by sex, no difference was sign- 


matched-pair approach allowed us to confirm in a 
relatively small group of children the ventilatory 
function impairment due to passive exposure to 
tobacco smoke previously reported in large epidemi¬ 
ologic studies [18, 19]. As in the study of Tashkin et 
al. [15], the effect of parental smoking was present 
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mainly in boys; the reasons for the increased suscept¬ 
ibility of airways of males are not dear. In one recent 
study [19], the decrease in forced flows of children 
showed the expected dose-response relationship with 
parental tobacco consumption, but. quite unexpect¬ 
edly, the forced vital capacity was (significantly) posi¬ 
tively related to the amount of tobacco smoked by 
their parents [16]. 

Parental smoking effects on children's lung func¬ 
tion are very complex. The recent Official Statement 
of the American Thoracic Society Board of Directors 
[I] discusses: 1) the effects of maternal smoking dur¬ 
ing pregnancy (probably due to absorption of toxins 
such as carbon monoxide and nicotine) resulting in 
an increased rate of abnormal placental implant¬ 
ation. premature delivery, reduced birth weight, 
increase in neonatal deaths from asphyxia; 2) the 
effects of passively inhaled smoke on respiratory 
symptoms and lung function in childhood (for extens¬ 
ive review, see [20 ])l 


The decrease of forced flows and^ higher preval- 
et^^^spiratpry symptoms are^ossibly du^o 
paSs^e^exposure to cigarette smoke in their homes 
jb the children investigated by us However, many 
other factors (educational: social, genetic, etc.) may 
exert an influence. A higher proportion of children 
of smokers had a history of recent acute respiratory’ 
infection, and this was found to influence pulmonary 
function of aduJrs even after disappearance of respi¬ 


ratory symptoms [17]. T}jM»adu(fe # 
indirect influence pf partma^smoRmg on the wil- 
’nfotiary function of children, through the impairment 
olf^thc respiratory tract defence mechanisms. The 
possible influence of the factors mentioned above will 
be taken into account in the final analysis of the 
results of our study. 
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RESUME: La prevalence des symptdmes respiratoires et latte* 
inte fonctionnelle respiratoire ont ete compartes chez 46 enfants 
non fumeurs 4ges de 10 k 16 ans. dont les parents etaient fumeurs. 
et chez un nombre identique d'enfants (apparies pour le sexe. 
I*4ge et la taille) dont les parents etaient non-fumeurs L’exposi- 
tion passive au tabagisme parental est accompagnlc d’une frequ¬ 
ence pluseievee des symptdmes respiratoires. defections respira¬ 
toires aigues et d'une reduction significative des debits expiratoires 
forces; ces effets sont plus prononces chez les garsons. Le test 
de linkage de I'azote en respiration unique, un test sensible de 
1’obstruction des voies aeriennes peripheriques chezTadulte. n'a 
pas permis de detecter d'anomalie dans cette etude preiimmaire 
portant sur un nombre limtte d'enfants. 
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Chen, Y., and Li, W.X. "The Effect of Passive Smoking on Children's 
Pulmonary Function in Shanghai" Am J Public Health 76: 515—518, 
1986. 

The authors studied the relationship between passive 
smoking and pulmonary function of 571 children in Shanghai, People's 
Republic of China. The children studied ranged in age from 8 to 
16 years. Questionnaires were completed by the children's parents, 
and lung function tests were administered to the children. Paternal 
smoking status during the child's lifetime was linearly related to : 
a decrease in the percent predicted values of FEV1.0, MMEF, and 
FEF62.5-87.9 in all subjects; in school girls, paternal smoking 
accounted for 0.5 percent, 1.2 percent, and 1.6 percent of the 
total variation for these lung function parameters respectively. 
The trend was reportedly less marked in boys. Other environmental 
factors considered in this study included educational level of the 
father, the use of coal or gas for cooking, and the presence of 
patients with chronic respiratory diseases in the family. These 
other factors reportedly had "no important role on the children's 
pulmonary function." 
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The Effect of Passive Smoking on 
Children’s Pulmonary Function In Shanghai 

Yue Chen, BM, and Wan-Xian Li, MD 


Abstract: We report the findings of a cross-sectional study of the 
relationship between passive smoking and pulmonary function of 
children in Shanghai, People's Republic of China. The 571 study 
subjects included 303 males and 268 females, ranging in age from I 
to 16 years, from a primary school and a secondary school at Xu-Hui 
District. Lung fraction tests were performed at the schools, and 
questionnaires were completed by parents. The father's cigarette 
smoking status during child's lifetime was hncarty related to a * 
decrease in the per cent predicted values of FEV,*, MMEF and * 


fa total subjects; in schoot-firis, father's smoking status 
/accounted for 0J per cent, 1.2 per cent, and 1.6 per cent of the total 
^variation, respectively; the trend was less (marked in, boys. Other 
environmental factors considered in thifoudy. U., e d ucat io n al level 
of the father, the use of coal'or gas v For cooking, the presence of 
patienU with chronic respiratory diseases in the family, etc., did not 
aeem to have any Important role on the children's pulmonary 
fraction. (Am J Public Health 1986; 76:515-518.) 


Introduction 

It has been suggested that the smoking habits of indi¬ 
viduals in a household adversely affect the health of non¬ 
smoking family members through exposure to tobacco com¬ 
bustion products in the indoor environment . 1 * 2 Sidestream 
gmoke, which rises from the burning end of the cigarette and 
produces approximately 70 per cent of the air pollution due 
to tobacco smoke in a room, contains even greater concen¬ 
tration of some toxic compounds than mainstream smoke 
exhaled by smokers.* - * Children of smoking parents have 
been observed to have reduced pulmonary function .* -10 A 
dose-response relationship has been found in some stud¬ 
ies ,*" 4 but other studies failed to find an association between 
children's pulmonary function and the smoking habits of their 
parents . 11 * 14 Methodological and data processing differences 
may be responsible for these conflicting results. 

We report the findings of a cross-sectional investigation 
in Shanghai using stepwise regression and other methods in 
data analysis. 

Methods 

Subjects 

A total of 571 children (303 males and 268 females) 8 to 16 
years of age from a primary school and a middle school at 
Xu-Hui District in Shanghai participated in this cross-sectional 
study in June 1984. The residential area of sample selection is 
so small that it is reasonable to consider the level of outdoor 
urban air pollution to be the same for all residents.* 

P uhaocary Function Tot 

Lung function tests of the children were performed at 
schools using two 8 -liter water-filled recording spirometers. The 
children did not wear nose chps, and the tests were performed 
in a sitting position. Good understanding and cooperation were 
usually obtained. Each child was tested until three acceptable 
curves were obtained. The two best forced vital capacity's 


*Tbc anaual average medium of SO*. NO*. Fb. and P la the XdkHuJ 
District are 0.07,0 02.0 000428, tad 0.24 respectively. Tbe maxima m 
I9S4 were 059.0.09.0.00907 and 0.40 ngNs*. 
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(FVCs) of the three accepuble curves should not vary by more 
than ± 10 per cent in reading or ± 100 ml, whichever is greater. 
Tbe single best curve, which has maximal forced expiratory 
volume in one second (FEV, o), was used in the analysis. FVC, 
FEV,*, maximal midexpiratory flow (MMEF), and forced 
expiratory flow from 62.5 per cent to 75.5 per cent of FVC 
(FEFttj^r 5 %) were read from this best tracing. Values were 
corrected to body temperamre and pressure saturated with 
water vapor (BTPS). Each child was free from any cough, cold, 
or sore throat at the time of testings. Standing height, weight, 
and chest measurement (CM) by the end of expiration were 
measured at tbe same time. 

Qeatioeniir* Administration 

The children's parents completed a questionnaire pro¬ 
viding information on their smoking habits and those of other 
household members over the child's lifetime, on demograph¬ 
ic characteristics, medical hi stop', the use of coafor gas for 
cooking, average household residential area per capita, and 
father's education. 

Smoking habits of the children were obtained from 
another questionnaire, completed in the classroom and re¬ 
turned to the investigator at once. Children who reported 
smoking one or more cigarettes per week were rare and were 
excluded from analysis, as were children with a history of 
asthma or congenital heart disease. 

Data Aaalytia 

Stepwise regression analysis was applied to a model 
including 12 terms, spelled out in the Appendix. Spirometric 
indexes (FVC, FEV,.o, MMEF, and FEF«j.s-r 75 w) were 
analyzed separately for male and female. F value to enter and 
remove was fixed to the level of a « 0.05. Appropriate 
transformations and a parametric test of normality™ for the 
original data of spirometric indexes were done (dau available 
on request to author). 

Results 

Table 1 displays the results of the stepwise analysis. The 
transformed FVC is closely related to age, standing height 
and chest measurement in males, and with standing height 
and chest measurement in female, accounting for 79 per cent 
and 68 per cent of the total variation, respectively; there are 
no associations with any environmental factors in either sex 
at the level of the fixed F value chosen in advance. Because 
flow depends on volume, 1 * and because the relationship 
between father's smoking status and the FVC of children did 
not reach the 0.05 level, the dau were also controlled for 
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FVC when the three other spirometric indexes were analyzed 
in order to compensate for differences in lung size. 

Table 2 shows the results of the transformed FEV,*, 
MMEF, and FEF^ 3 - 47 . 5 * regressions for males. In addition 
lo the physical characteristics and FVC, father's smoking 
quantity (dgarettes/day x years) during the children'sJife- 
time accounted for 0.1 per cent, 
of the total variation scparatelji^JEjM^, w _ .„ 
tal fectors did. not sh^iSg^crof effects'.on boys*Jung 
function. The trend was mor^marked in females. For a girl 
aged 12 years, of average 

atw rEF42j^7.jt weTf^I, 

*titer/sec if the father 
during the giri*s lifetime, 
liter/sec if he did not tmoki 

fenned FEFejSrJ per cent of 

In order to compare and clarify the results, the per cent 
of predicted values of FEV , 0 , MMEF, and FEF« . 5^7 j pm emu 
of the two sexes were calculated. The prediction equations 
for lung function of each sex were derived from the data of 
the total survey population. From these equations, the 
proportion of the total variation, which is explained by age, 
height; weight, chest measurement and FVC, is determined. 
The regressions for the per cent of predicted values of 
FEV i.o, MMEF, and FEF *2 5 ^ 73 * plotted as functions of 
father's smoking quantity in child's lifetime are shown in 
Figure 1. The slope of the Lines are not the same. The lines 
of FEFt 23 -« 7 . 9 * decrease more rapidly than the others. 

The average residential area per capita was 5.3 m 2 for 



iMSmhec, aid 1 J2 


nonsmoking father families and 5.1 m 2 for smoking father 
families; the average number of persons per family was 4.2. 

Discussion 

Two earlier findings reported by Tager and his asso^k 
alts 4 and by Weize and his egjjjprkers 7 have shown results 
similar to ours; the greater th^Sumber of smokers at home, 
the lower the MMEF value of the child, although these 
studies lacked quantitative estimates of lifetime passive 
smoke exposure. In another study, Hasselblat* found a 
significant correlation between the amount smoked by the 
mother and FEVqts value of her child, but the amount 
smoked by father was not related to the child's pulmonary 
function test. The authors felt that smoking information of the 
mother might be more accurate than that of the father and that 
the mother might spend more time with her child . 4 In 
Shanghai, cigarette smoking is very rare among young 
women in general, and no mothers in our study reported that 
they smoked. Other household smokers could be sources of 
passive smoking but there were very few identified in our 
study. The smoking rate of other persons in families was 6.0 
per cent, while the father's smoking rate was 39.2 per cent. 

The hazardous effect of cigarette smelting on the teafth 
of . passive smokers dependr^ r 5^ctf ; tluf numoerflof 
cigarettes smoked in the fanuljerbut also on ventilation and 
the volume of enclosed space . 7 Because living space in the 
urban area of Shanghai is so small, the actual amount of 
indoor exposure to children may be substantially greater than 
in many other areas of the world. Although exposure may 
have been more intense, its effect could not be measured 
because virtually all children lived in crowded quarters. It has 
been reported that the ventilation rates in warm areas of the 
US are higher and the smoke may be more easily diluted by 
the air than in generally colder areas . 12 This was another 
modifying factor that we were unable to measure. 

Determination of the rate at which air flows out of the hir^s 
during FVC provides important information about the resist¬ 
ance to airflow during forced expiration . 17 Ch^esults showyd 
an obstructive pattern 14 and suggested t^lnposive to Ttga- 
rette smoking may have mote obstructive than restrictive eff^ 
00 the lungs as Tager, tt el? and Weiss tt ai , 4 have repotted. 

Our data show that the effect of passive smoking is 
greater in schoolgirls than in boys. Schoolboys may spend 
more time outdoors than schoolgirls, and thus be less 
exposed to indoor smoking. 

There were no important effects on the lung function cfc 
children of the other environmental factors considered in oaf 
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EFFECT OF PASSIVE SMOKING ON CHILDREN 



Coding value 0 1 2 3 450 1 2 3 4 5 

Cig./day x years 0 <50 50- 100- 150-200-0 <50 50* 100- 150- 200- 


Total Female 

FIGURE 1— h+rmrm EMrfFMkr SmnVmj m Lm* Tmcbm DMm 


study! The slight difference of per cent predicted values of 
FEV, o, MMEF, and FEF tt .j-r »% among different groups of 
girls classified according to father's educational level may 
denote that tbe smoking rate was lower for men with 
university level education (27.9 per cent) than those with 
secondary or primary schooling (44.7 per cent and 57.1 per 
cent, respectively). When we adjusted for father's education;^ 
the effects of passive smoking were stffl evident. 

Several studies have reported that using coal for cooking 
n more harmful to children's health than using gas. tf In this 
survey, only a small number of households (14.5 per cm; 


used the coal-fueled stove a? home, and the influence of cosf 
could nof be detected. 


It has also been suggested that the presence of respiratory 
symptoms in children is not only associated with parental 
smoking, but also with respiratory symptoms among par¬ 


ents. 14 - 30 In our study, the presence of patients with chrome 
mpcaioiVdiseaics in the family did not affect the lung ftmcdBt 
of children: 


It has been reported that tobacco smoke can be a 
significant'source of atmospheric pollution in eocloscdnr- 
tt*. w This cras-sectkmaf survey offen new evidence^lBat 
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jbvc smoking may constitute a real threat to the beahb of 
ny urban children. Passive smoking is notfbn$associated 
' the 

bthj^te^vesptm^ 

^ os in children. 1 Coocem for the beahh of 
<r could be a stro^^fecimtive to 
smoking parentt to quit and oonsmokert not to 1 


MfENDU 

Variabtot Uaad in Ra gnwato n Anatyste 


1. Aotfravt) 

2. Standing hiigN (oanbmaiars) 

S. Waight (titogrvns) 

4. Chart maasurafnam ( o aotimato n ) 

a Educational mm oMatiwr (invarrtty . 163. a aoondary: 867, prhnary: 

*1) 

a Emoting quantity of tiw tathar during tha ohfttfi Matirna (naar. 846, 
laas tftan 50 agartflaattay x yaars: $9, 50-dgaraflat/ctey x yaara. 

SO, 100- oigaratiaaUay x yaart: 57,150-Ogrataa^day x yaan: ia 
200- Ogaratiaa^ay x yaars: 33) 

7. Smoking status of othar individuate in tha tvnly (no: 536, yaa: 33) 

O Oaa coal lor cookxng (no: 4S6, yaa: S3) 
f. Uaa gas tor cooking (no: S4, yaa: 467) 

10. Avaraga raaidantiaJ araa par capita (apuara maters) 

11. P raaa nc a of patiart with chronic raapkatory dteaaaaa in tom*y (no. 601, 
y*a: 70) 

12. SVC (tear, oonrtdara d whan FEV t * MMEF, and FEF«>^^ wara an- 
Mytad) 


REFERENCES 

1. Weiss ST, Tiger IB, Schenker M. Speizer FE: The health rtbcu of 
involuntary smoking. Am Rev ReipirDis 1963; 126:933-942. 

2. Wyadcr EL, Goodman MT : Smoking and fame cancer toot w aa olved 
itsure. Epidemiol Rev 1963; 3:177-207. 


3. Mutton Clt: Tobacco smoke in room air—aacspenakeBtaltovestigaiioe 
«T odour perception and jrrrtaiing effects. Build Serv Ena 1976;43:234-262. 

4. Sdunehzl, Hoffmann D, WynderEL. The iaflueace of tobacco saiofcc on 
todoor atmospheres. Prev Med 1975; 4:66-62. 

J. Sladman RL: The chemical c ompoth ion of tobacco sad tobacco smoke. 
Cbem Rev 1966; 66 153-207. 

6 . Wens ST, Tager IB, Speizer FE, Rower R: Persisteot wheeze: tea 
relationship to respimory ilioeu, dgamte noting and level of pulmo- 
■ary ftmcix« * a poputeiioo aampk of children. Aai Rev Retptr Dts I960, 
122:697-707. 

7. Taper IB, Weist ST, Rotacr B, Speizer Fg. Effect of paneotal cigarette 
emoting on the pulmonary function in chddrvs. Am J Epidemiol 1979; 
123:479-466- 

6. HasaelMadi V, Humble CG,Graham MG, Aadcnoa HS: Lang ftmetion is 
children. Am Rev RetpLr Dll 1961; 123:479-465. 

t. Lebovtu MD; Armet DB, Kaudson R The effect of passive noting on 
pulmonary function on children Environ lot 1962; 6:371-373. 

tO. Lu Bao-thcn: The effect of air pollution on lung function ■ middle school 
children, j last Heahh (Chinese) 196]; 3:52-54. 

11. Schilling R5F, Letai AD, Hin ST, S ch o enb erg IB: Lang function, 
inspiratory disease, and smoking m famihn. Am 3 Epidemiol 1977; 
106:274-263. 

12. Dodge R: The effect* of indoor poiinbon an Arizona children. Arch 
Environ Heahh 1962; 37:151-153. 

U. Speizer FE, Ferns BJ; Bishop YMM, Spengkr I : Respiratory disease rales 
and pulmonary function in children aasociatad with NO] exposure. Am 
Rev Retpir Dii 1960, 121:3-10. 

M. Lebowhz MD. Burrow* B: Respiratory symptom* related to — 
habit* of family adulu. Chest 1976; 69:46-50. 

15. Yang Rui-zhang, Tan Yiag: The methods of aormaSiy test. J Harbin Med 
Univ (Chinese) 1963; 4:66-72. 

16. Shigeokj fW: Pulmonary ftmetion testing, la: Rom WN (ad): Environ¬ 
mental A Occupational Medicaine. Boctoo: Little, Brown, 1962. 

17. Cbemiana RM (ed): Pulmonary Ftmetion Tasting. Philadelphia: W. B. 
Saunders, 1977. 

II. Onmdmarrr E, MODer K-M, Winter KD: Passive smoking, (letter) Br Med 
J 1961; 262:1156-1157. 

19. Ferris BG Air poUutioo. /a; Mack Ira PT, P cranffl (ads): The Lung is the 
TrmnsHion between Heahh and Disease. New York: Marcel Dekker, 1976. 

20. Cotley JRT: Respiratory symptom* in children and parental smoking and 
phlegm production. Br Med J 1974 ; 2:201-204. 

21. Smoking and Heahh: A report of the Surgeon General. DHEW Pub. No. 
79-50066. Whshuvtoc. DC: Govt Pnatu* Office, 1979. 


Intensive Course Offered in Pediatric Nutrition 
dune 2-6,1966 
November 10-14,1986 

Course focuses on newer knowledge of nutrition as it relates to practical aspect! of care of infants 
and children. Review of breast- and bottle-feeding focuses on current trends, composition of milks, 
protective aspects, foreign substances and composition and indications for special formulas. Recom¬ 
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Burchfiel, C.M., Higgins, M.W., Keller, J.B., Howatt, W.F., Butler, 
W.J., Higgins, I.T.T. "Passive Smoking in Childhood: Respiratory 
Conditions and Pulmonary Function in Tecumseh, Michigan" Am Rev 
Respir Pis 133: 966-973, 1986. 

ABSTRACT. The relationship of passive smoking to respiratory 
conditions and pulmonary function was assessed using a cross- 
sectional design in the defined population of Tecumseh, Michigan'. 
The study population was made up of 3,482 children who were 0 to 
19 yr of age at the 1962-1965 examination and for whom questionnaire 
information was available for both parents. Nearly 62% of children 
in this age group were exposed at the time of examination to at 
least 1 parent who smoked. Passive exposure to cigarette smoke 
was associated with an elevated prevalence of phlegm, wheeze, 
asthma, and chest colds among males and wheeze, bronchitis, and 
chest colds among females. Using logistic regression, offspring 
were shown to be 1.5 to 2.0 times more likely to have a respiratory 
condition if both their parents currently smoked than if both 
parents never smoked. FEV1 and FVC among males and Vmax50 among 
females were significantly lower by 5% in nonsmokers 10 to 19 yr 
of age whose parents were current smokers compared with similar 
offspring of never smoking parents. Respiratory conditions were 
generally more frequent and the level of lung function was generally 
lower for males from households where only mothers smoked compared 
with males from households where only fathers smoked, although 
sample size was limited. In females similar relationships were 
less consistent. Differences tended to be larger and more often 
significant for males than for females when respiratory symptoms 
and illness were examined. Comparisons between offspring of 2 
current and 2 never smoking parents and those involving the number 
of parental smokers in a child's lifetime provided stronger 
associations of passive smoking with respiratory conditions and 
lung function than did the number of household smokers, duration', 
or amount of parental smoking. In general, these associations 
were independent of parental education, family size, parental 
reporting bias, and the child's own smoking habits. 
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Respiratory Conditions and Pulmonary Function in 
lecumseh, Michigan’' 4 


CECIL M. BURCHFIEL, MILLICENT W. HIGGINS, JACOB B. KELLER, WILLIAM F. HOWATT, 
WILLIAM J. BUTLER, and IAN T. T. HIGGINS 


SUMMARY Th* ratettortahlp of pasah* amoktog to raaplratofy eondfttona and pulmonary function 
wm uslrvg a cr os s aacttooal daaign in the defined population of Tacumaah, Michigan. 

Tha study population ws* made up of M*2 child ran who wars 0 to 1* yr of age at the 1*62-IMS 
examination and tor whom qoeetlonnalr* intormation waa available tor both parent*. Nearly |2H 
cl children to tht* age group were a x poee d at the time of examination to at kail parent who a motwd. 
Roashra expocure to cigarette smote waa associated wtth an ekveted prava k nce of phlegm, atiaara 
***** ma, and chad colds among mates and wheeze, bronehhte, and chad cokte among tematea. 
Ilaing togtetlc regression, offspring wort shown to be UIp 2j 0 time# mom likely to haws a respira¬ 
tory condition If both thdr parents currently amohad than If both parents never emoted. FEV,«td 
FVC among mates and Vtoex* among tematea wa rn sig n ifi can tly lowar by SH In no n omote m 10 
to 19 yr of aga wheat parants were eurmnt smote* compamd wtth ateillar offspring of never amofc- 
tog parants. Respiratory condition* war* generally mom fmquant and tha teval of lung function 
wsa ganarslty lowar tor mate* from households wham only mothars smoked compamd wtth mates 
from households wham only tat ham emoted, although aampte six* was Utaitsd. to tematea similar 
relationships warn teas consistent. Dtftemncas tandad to ba larger md mom often significant tor 
mates than tor famatet whan rsspiratory symptoms and Illnesses warn examined. Comparteona be¬ 
tween offspring of 2 currevrt art 2 never enwktog parents and thoMtovotetog the nuntoor of porentaf 
dhoham to a child* lifetime provldad stronger associations of passive smoking wtttTmapirdory 
conditions and lung function than did the number of household emote*, duration, or amount of 
pamntal smoking, to general, thaaa associations warn toda p andant of parental ed uca tion, toraky 
afcfca, parental reporting Was, and tha chlWTa own s m ok in g habits. 

am nrv Ream* ns nm. mess t r> 


Introduction 

Until recently, relatively few studies 
have focused on the health effects of pas¬ 
sive or involuntary smoking. Passive 
smoking during infancy and childhood 
has been associated with acute respira¬ 
tory illness (1-16), chronic respiratory 
symptoms (17-22), and reduced pulmo¬ 
nary function (21, 23-26), although not 
all investigations have confirmed these 
associations (27-31). The qualitative and 
quantitative differences of mainstream 
and sidestream cigarette smoke have been 
documented (32, 33); a number of con¬ 
stituents are more concentrated in side- 
stream than in mainstream smoke The 
need for better characterization of ex¬ 
posure and control of potential con¬ 
founding factors has been recognized 
(34-37). 

Investigations involving young chil¬ 
dren are of interest for several reasons: 
(7) confounding effects of active smok¬ 
ing and occupational exposures are ab¬ 
sent, (2) children may be more exposed 
and/or susceptible than adults, and (3) 
the risks of passive exposure can be as¬ 
sessed during the period of lung growth 
and development. Children spend 60 to 
80% of their time indoors (38), depend¬ 
ing on season and geographic location. 
Because cigarette smoking is prevalent 
among adults, the likelihood of passive 
exposure in children is high. It has been 
estimated that 54 to 70% of children are 
exposed to one or more cigarette smokers 
in the household environment (1, 27,28, 
38,39). Because of the large number of 
exposed persons, the proportion of time 
spent indoors and recent energy conser¬ 
vation efforts, the public health impact 
of passive smoking could be substantial. 

The purpose of this study was to as¬ 
sess the cross-sectional relationships of 
passive smoking to respiratory symp¬ 
toms, illnesses, and lung function in chiK 
dren and adolescents of Tecumsch, Mich- 

966 


igan. Several measures of passive smok¬ 
ing were developed from questionnaire 
data. Effects of parental education, fam¬ 
ily size, parental symptoms and illnesses, 
and active smoking by the children them¬ 
selves are evaluated. 


Methods 

Study Population 

Residents of Tecumsch, Michigan have been 
participants in a community-based prospec¬ 
tive investigation for the past 25 yr. The ma¬ 
jor purpose of the Tecumseh Community 
Health Study has been to identify deter¬ 
minants of health and disease in a natural 
community. Its design, methods, and histor¬ 
ical perspective have been described previously 
(40-42). Standard questionnaires, certain 
physiologic measurements, and clinical assess¬ 
ments by physicians were available. 

During the second cycle of examinations, 
conducted between 1962 and 1965, a total of 
4,378 children and adolescents 0 to 19 yr of 
age were interviewed and examined. Of the 


4478 subjects, the following were excluded 
from this investigation: 82 because they were 
not residing with their parents, 688 because 
both parents were not interviewed, and 126 
because they were active smokers (smoking 
habits were available only for those 16 to 19 
yi of age; children 15 yr of age or younger 
were assumed to be nonsmokers). A total of 
3,482 nonsmoking males and females 0 to 19 
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yr of age and members of their households 
constituted the study population. 

Questionnaire 

personal, demographic, and medical infor¬ 
mation were ascertained using a standard 
questionnaire. Parents responded for children 
15 yr of age or younger. Several respiratory 
symptoms and illnesses were selected for 
evaluation: these included cough, phlegm, 
wheeze, asthma, bronchitis, and colds settling 
in the chest. In general, questions involved 
a past history of these conditions, rather than 
ascertainment of symptoms and illnesses de¬ 
fined only at the time of interview. Specific 
questions used to define these respiratory con¬ 
ditions and results concerning neonatal, al¬ 
lergic, and other conditions are reported else¬ 
where (43). The diagnostic criteria for asthma, 
reported by Higgins and Keller (44) and 
Broder and coworkers (45), were used, and 
a probable or suspect diagnosis was included 
as asthma. 

Information was available concerning pa- 
^ rental education, family size, and presence or 
absence of parental respiratory symptoms or 
illness. Categories of parental education in¬ 
cluded: (I) at least one parent who did not 
complete high school, (2) both parents com¬ 
pleted high school; and (5) either parent at¬ 
tended college. Family size was defined as the 
number of persons residing in a household. 
Categorical definitions were used to classify 
children according to whether their mothers 
or fathers had a history or diagnosis of the 
specific respiratory condition under study. 

Pulmonary Function 

A Wedge* spirometer (Med-Science Elec¬ 
tronics, Burlington, MA) and a two-channel 
recorder (Sanborn Ca, Waltham^ MA) oper¬ 
ating at a paper speed of 25 mm/s were used 
to measure lung function. Following maxi¬ 
mal inspiration, subjects performed several 
maximal expiratory efforts until 2 satisfac¬ 
tory tracings were obtained. Measurements 
of volume and flow were based on the trac¬ 
ing with the largest vital capacity and were 
adjusted to body temperature and pressure 
saturated with water vapor (stts). 

Seven volume and flow measurements were 
available (46); forced expiratory volume in one 
aecond (FEV,), forced vital capacity (FVC), 
and forced expiratory flow at 507* of vital 
capacity (Vmax M ) were selected for use in this 
study because they have been used in other 
studies and were available at subsequent ex¬ 
aminations. Lung function analyses reported 
here involved young persons 10 to 19 yr of 
age in 1962 through 1965. 

Measures of Passive Smoking 
Children were classified by smoking habits 
of their household members at the time of 
interview. Only cigarette smoking and not pipe 
or cigar smoking was taken into account. Five 
measures of passive smoking were developed. 

L Current and Past Parental Smoking 
Habits: 


TABLE 1 

REGRESSION STATISTICS FOR LUNG FUNCTION MEASUREMENTS. ASYMPTOMATIC NONSMOKING 
MALES AND FEMALES. TECUMSEM. 1962-1*65’ 


R#gr***ion Sta ti st i c* 


&•« 

(yr) 

M—urt 

n 
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• th 

R* 

Sy k 

MaJ* 

10-15 

fev; 

626 

-5293 

0115 

0043 

0747 

0423 



FVC 

628 

—6447 

0.116 

0052 

0739 

0507 



Vmax* 

516 

—4311 

0152 

0036 

0490 

0729 


16-19 

FEVi 

127 

-1722 

— _ 

0046 

0269 

0534 



FVC 

127 

-6214 

— 

0064 

0303 

0720 



VmaxM 

124 

-1226 

- 

0034 

0075 

0690 

Fwmato 

10-15 

FEV, 

624 

-1566 

0093 

0032 

0550 

0396 



FVC 

624 

-4122 

0096 

0038 

0559 

0437 



VUiax* 

514 

—2616 

0112 

0031 

0264 

0754 


16-19 

FEV, 

155 

-1197 

— 

0040 

0233 

0432 



FVC 

155 

-1305 

— 

0041 

0220 

0459 



Vmax* 

154 

-2.134 

- 

0037 

0054 

0040 


* Ng r mcr mod* Pmdfcmd kmg function - a + h,ap* (yr) + b, (ha«0rt In em) tor 10- to tore**, pmdetad tong 
tonebon • a fern) tor 16 - to Wyr-ekto 


Father Never Current Current Never All 
Mother Never Current Never Current Otbert 

II. Number of Parental Smokers During 
Child’s Lifetime: (0, 1, and 2). 

III. Number of Current Household 
Smokers: (0, I, 2, 3, or more). 

2 V. Duration of Parental SmoLing During 
Child’s Lifetime. 

V. Current Amount of Parental Smoking. 

The first index provided one of the more 
extreme contrasts in passive smoke exposure, 
where children having both parents who never 
smoked are compared with those having both 
parents who were current smokers. Children 
from households where only fathers smoked 
and where only mothers smoked could also 
be compared using this index. The “all others" 
category included children having one or both 
parents who were former smokers. For the 
second index, children were categorized by 
presence or absence of parental smoking dur¬ 
ing the child’s lifetime. To include potential 
prenatal exposure to parental smoking, a 
child’s lifetime was defined as I yr before birth 
to the time of examination in 1962-1965. 
Smoking habits of siblings and relatives who 
were 16 yr of age or older were included with 
those of parents in the classification of cur¬ 
rent household smokers. For duration and 
amount of parental smoking, the number of 
years and average number of cigarettes 
smoked per day by each parent were summed. 

Data Analysis 

Prevalence rates of respiratory symptoms and 
illnesses, and levels of lung function in chil¬ 
dren and adolescents were compared across 
parental smoking categories using 5-yr, age- 
and sex-specific groups. Stratification was 
used initially to control for potential con¬ 
founding by parental education, family size, 
parental history of respiratory symptoms or 
Alness, and active smoking by adolescents. 
Significance was assessed using standard t and 
chi-square tests for differences between means 
and proportions, respectively. Age-adjusted 
prevalence rates were derived using the age 


distribution of all nonsmoking subjects 0 to 
19 yr of age examined in 1962-1965 as a stan¬ 
dard. A Cochran/Mantel-Haenszel procedure 
was used to test for the average partial as¬ 
sociation between passive smoking and a spe¬ 
cific respiratory symptom or illness, control¬ 
ling for the effects of age group and assess¬ 
ing whether a linear trend exists (47). To 
compare age-adjusted means, variances for 
those having or not having a specific respira¬ 
tory condition were calculated, and a sun- ^ 
dard z statistic for comparing means with 
known but unequal variances was used to de¬ 
termine significance. 

Multiple logistic regression (48) was em¬ 
ployed to control for potential confounders 
simultaneously. Sex-specific analyses were 
performed using each respiratory condition 
as the response variable. The number of pa¬ 
rental smokers during a child's lifetime (0,1, 

2) was selected as the independent variable 
of primary interest and was coded using 2 in¬ 
dicator variables. Parental education, family 
size, parental symptom or illness, as well as 
age of the child were considered as covari¬ 
ates. For asthma a diagnosis of hay fever and 
history of other allergies were also included 
in the model as potential predictors. Several 
methods of including age were considered; 
regression coefficient were similar for each. 
Likelihood ratio test (48) were used to com¬ 
part methods of including age, to decide 
whether certain variables should be retained 
in the logistic model, and to confirm whether 
or not statistical interaction was present. 
Goodness of fit for these logistic models was 
assessed using methods proposed by Leme- 
show and HOsmer (49), where information 
from both cases and noncases is incorporated. 

Levels of lung function were expressed as 
a percent of predicted or were adjusted using 
analysis of covariance. Predicted values of 
FEV,, FVC, and Vmax*. were obtained by 
regressing observed values of asymptomatic 
nonsmokers on age and height separately for 
2 age and sex groups using the population 
of nonsmokers 10 to 19 yr of age who were 
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TABLE 2 


PREVALENCE OF PARENTAL SMOKING AMONG 
SUBJECTS 0 TO 19 YR OF AGE, TECUMSEH, 
1962-1965 


Parantal Smoking 


Fktfwr 

Motttof 

n 

w 

Nt.'tr 


667 

15.7 

Currant 

Currant 

1.136 

31.5 

Currant 

--- 

fwrfi 

963 

27.2 

N*v«r 

Currant 

109 

3.0 

ARothara 

•13 

22.5 

Total 

3,606 

99.9 


free of asthma and wheeze without colds, and 
if 16 to 19 yr of age, free of cough, phlegm, 
and moderate or severe shortness of breath. 
A total of 1,357 nonsmokers 10 to 19 yr of 
age met these criteria and had complete age, 
height, and lung function data (FEV„ FVC, 
or Vmsx*). The significant terms of the 
•elected regression model included age and 
height for those lO to 15 yr of age and height 
only for those 16 to 19 yr of age Regression 
statistics for these models art presented in ta¬ 
ble 1. Models that included powers of height, 
weight, or interaction terms did not increase 
substantially the amount of variation ex¬ 
plained by the simple model employing only 
age and height. Race was not included in the 
models because all subjects are white Regres¬ 
sion statistics for FEV, and Vmax* were pub¬ 
lished previously for nearly the same group 
of children 10 to 15 yr of age (50). Sex-specific 
regressions were used because of differences 
between males and females in lung growth. 

Analysis of covariance models were also 
used to adjust levels of lung function for age 
and height, parental education, and family 
size (51). The covariance mode! assumes no 
interaction and a linear relationship between 
covariates and lung function. Tests for equal¬ 
ity of slopes among those exposed and unex¬ 
posed to parental smoking were performed 
to rule out interaction; linearity was also as¬ 
sessed. Both assumptions for the model were 
met (43). In contrast to the percent of 
predicted method of adjustment, this ap¬ 
proach does not require definition of a healthy 


standard population and allows comparisons 
to be made in units of actual lung volume 
or flow. 


Results 

Prevalence of Passive Smoking 
Prevalence of passive exposure to ciga¬ 
rette smoke was estimated using two- 
parent households where both parents 
were interviewed (table 2). A total of 
61.7% of all subjects 0 to 19 yr of age 
had at least one currently smoking par¬ 
ent; 31.5% had both parents who cur¬ 
rently smoked. Having a father as the 
only parental smoker was far more preva¬ 
lent than having a mother as the only pa¬ 
rental smoker (27.2% versus 3.0%). Only 
15.7% of the subjects 0 to 19 yr of age 
were never exposed to parental smoking. 

Respiratory Symptom and Illness Prevalence 
Prevalence rates of several respiratory 
symptoms and illnesses in Tecumseh have 
been shown previously to vary with age 
and sex (43). Age-specific prevalence 
rates of several respiratory conditions ait 
presented in table 3. For most respira¬ 
tory conditions, prevalence rates tended 
to be higher in males than in females, sig¬ 
nificantly so for phlegm, wheeze, asthma, 
and chest colds in at least one of the age 
groups. Cross-sectional frequencies of 
phlegm, wheeze, and chest colds tend to 
decrease as age increases, whereas with 
cough, asthma and bronchitis prevalence 
rates vary with age in a less consistent 
manner. Age-adjusted prevalence rates 
of 4 respiratory conditions are presented 
by parental smoking category for males 
and females in figures 1 and 2, respec¬ 
tively. For both sexes and all 4 conditions, 
prevalence jit^were higher among non* 
smoking childna^wbos^ parents both 
curren tl^^oj^^mulamong childrpr 
whose parents never smoked. Differences 


table s 


PREVALENCE <W) OF RESPIRATORY SYMPTOMS AND ILLNESSES BY AGE AND SEX. NONSMOKING 
CHILDREN FROM TWO-PARENT HOUSEHOLDS. TECUMSEH. 1962-1966* 


Raspkatofy 

Condition; 

0-4 

6-9 


10-14 


16-19 
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(n - 470) 
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(h- 491) 

M 

(n - 555) (n 
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• 640) 
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(n • 482) (n 

F 

- 460) 

M 

<n • 241) <n 

F 

- 243) 

Cough 

7.6 

96 

10.7 

•5 

10.8 

7.6 

7.3 

75 

PMagm 

16.4 

13.5t 

14.1 

14.9 

13.7 

9.7 

65 

9.9 

Whasia 

31.7 

24.9t 

20.6 

165 

193 

15.0 

17.9 

16.2 

Asthma 

13.6 

10.7 

16.2 

9.2* 

173 

9.7* 

13.3 

12 

BfonchKia 

15.3 

105 

16.9 

12.6 

11.0 

10.0 

11.7 

14.5 

Chost coW 

39 9 

304* 

29.4 

26 5 

20.9 

19.0 

192 

14.9 
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Fig. 1 Aga-adjuatad pra v toan c# of respiratory condi¬ 
tion* by parantal smoking, msIs nonsmoksrs 0 to 19 
yr o t apt, Tacumaah, 1962-1965. 


were significant for the majority of coof 
ditions; 

When the number of parental smokers 
during a child's lifetime was considered, 
age-adjusted prevalence^ rates were 
highest for children expos^f02paren- 
tal smokers and generally Idwi^rbr un¬ 
exposed children, the trend being signifi¬ 
cant for phlegm, wheeze; i&hma? t and 
colds settling in the chest among males 
and for wheeze, bronchitis ah^d^ set¬ 
tling in the chest among femalentable 
4). Although not presented in detail here, 
for all respiratory conditions except bron¬ 
chitis in males, parents of nonsmokers 
0 to 19 yr of age reported smoking sig¬ 
nificantly more cigarettes (mean differ¬ 
ences ranged from 1 to 4 per day) and 
for significantly longer periods of time 
(mean differences ranged from 7 to 24 
months) when a given respiratory symp¬ 
tom or illness was reported for their chil¬ 
dren than when it was not reported, af¬ 
ter adjusting for differences in age (p < 
0 , 0001 ). 

Previous work inTecumseh has shown 
that parental smoking habits are related 
to parental education but not to family 
size (43, 52). In this investigation, level 
of education was highest among house¬ 
holds where both parents never smoked. 
Although not shown here*children from 
households where both parrnti cSnouly 
smoked tended to have higher respiiirory 
symptom; and>illness prevalent* rates 
than those w^re, both pareriS never 
smoked withineich degree of parental 
education and family size. 

When results were stratified by paren¬ 
tal history of a given respiratory condi¬ 
tion, there was some reduction in the 
magnitude of the parental smoking ef¬ 
fect, yet for several conditions the rela¬ 
tionship remained significanflFor exam¬ 
ple, in households where both parents 
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Fifl. 2. Age-adprevalence of respiratory condi¬ 
tion*by parental smoking, female nonsmokers 0 to 19 
yr of ape. Tecumaeh, 1962-1965. 

reported a history of phlegm* male off¬ 
spring had a prevalence rate for phlegm 
of 13.4* 12.5, and 18.5% for 0* I, and 2 
parental smokers* whereas the prevalence 
rate was 14.9, 9.0, and 17:5 %, respec¬ 
tively, when both parents denied history 
of phlegm. Differences remained signifi¬ 
cant for phlegm and asthma among 
males regardless of a history of the same 
symptom or illness in their parents. 

Results obtained using logistic regres¬ 
sion models are presented in table 5. The 
odds ratios represent measures of the 
degree of association between passive 
smoking and each respiratory condition 
controlling for potential confounding by 
age, parental education, and family size. 
For example, the odds of a male 0 to 19 
yr of age having asthma are 2.16 times 
as great if he was passively exposed to 
2 parents who currently smoked than if 
he was unexposed. For both sexes and 
almost all respiratory conditions, odds 
ratios were higher for children with 2 pa¬ 
rental smokers compared with children 
who had never been exposed to parental 
cigarette smoke. Odds ratios tended to 
be higher for males from households 
where mothers were the only smokers 
than for males from households where 
only fathers smoked. The pattern was 
reversed, though less consistently, for 
females. 

When logistic regression models em¬ 
ploying the number of parental smokers 
during a child’s lifetime (0,1, or 2) were 
used as a measure of passive smoking, 
similar odds ratios were obtained for 
most respiratory conditions. When chil¬ 
dren with one parental smoker were 
compared with the unexposed reference 
groups odds ratios were frequently close 
to or less than 1.0, yet did not differ sig¬ 
nificantly from 1.0. This suggests that ex¬ 
posure to one parental smoker, who was 


most often the father* is not associated 
with an increased probability of having 
these respiratory symptoms or illnesses. 
In comparing logistic models using the 

2 different passive smoking measures, the 
-2 log likelihood values and the frac¬ 
tion of variance explained by the models 
art almost identical, suggesting that lit¬ 
tle is gained statistically by categorizing 
parental smoking more completely with 
5 as opposed to 3 levels (43). An analysis 
of the goodness of fit for these logistic 
models revealed close agreement between 
observed and expected cases across 
deciles of risk. 

Pulmonary Function 

Mean lung function expressed as a per¬ 
cent of predicted is presented in figure 

3 for nonsmoking males and females 10 
to 19 yr of age whose parents were both 


never (98 males and 93 females) or cur¬ 
rent (201 males and 199 females) smokers. 
Mean FEV, and FVC for males and 
Vmax** for females were significantly 
lower if both parents were current 
smokers rather than never smokers. 
Results werevirtually identical when 10- 
to 14- and 15- to 19-yr-oId age groups were 
analyzed separately. 

Levels of FEV, and FVC for males and 
Vmaxso for females were inversely related 
to the number of parental smokers dur¬ 
ing a child's lifetime among nonsmokers 
10 to 19 yr of age. Using analysis of covar¬ 
iance to adjust levels of lung function for 
age and height, male nonsmokers 10 to 
19 yr of age from households where both 
parents smoked had a mean FEV, that 
was 144 ml (4.6%) lower than that for 
males with no parental smokers (table 6). 
Similarly, a deficit of 173 ml (4.9%) in 


TABLE 4 

AGE-ADJUSTED PREVALENCE (M>) OF RESPIRATORY CONDmONS BY SEX AND NUMBER 
OF PARENTAL 1 SMOKERS DURING CHILD'S LIFETIME. NONSMOKERS 
0 TO 19 YR OF AGE, TECUMSEH, 1962-1965* 


Mai#* Females 


Nirmt>#r of Par#ntaJ Smoker* Number of Parental i Smoker* 


Respiratory 

0 

1 

2 

0 

1 

2 

Condition 

(n - 339} 

(n - 716) 

(n . 661) 

(n - 360) 

(n - 716) 

(n - 646) 

Cough 

S.6 

64 

114 

64 

8.0 

8.7 

Phlegm 

134 

12.6 

18.8t 

6.7 

13.5 

13 6 

Wheeze 

20 9 

20.4 

26.5* 

16.0 

17:3 

22.9* 

Aathma 

13.4 

11.3 

20.9* 

96 

7.9 

11.7 

Bronchitis 

120 

11.9 * 

15.2 

8 8 

11.3 

13.2* 

Chest cow 

234 

27 6 

32.0* 

200 

224 

27.4* 


* Oaneratoad Cec*vmnA4***-H**nttM M lor aenQ* mo oratio n *> lfarw~wey confar> 9 *ncy 

* p < 0.06 

* p< 0.01 
f p < 0001 


TABLE 5 

OOOS RATIOS RELATING PARENTAL SMOKING TO RESPIRATORY CONDITIONS ADJUSTING FOR 
THIRD VARIABLES USING MULTIPLE LOGISTIC REGRESSION. NONSMOKING MALES 
AND FEMALES 0 TO 19 YR OF AGE, TECUMSEH. 1962-1965*t 


Parental Smoking 


Sex 

Reepiratory 

Condition 

Father 

Mother; 

Never 

Never 

E E 

Jl 

Current 

Never 

Never 

Current 

All 

Other* 

Male 

Cough 


1.0 

1.36 

0.69 

066 

1.20 


Phlegm 


1.0 

1.62* 

0.93 

1.77 

1.15 


Wheeze 


1.0 

1.47* 

1.04 

1.42 

1.21 


Asthma 


1.0 

2 16* 

0.64 

1-37 

1.19 


Bronchilis 


1.0 

1.23 

0.66 

1.46 

1.03 


Chest coW 


1.0 

1.56* 

1.16 

1.30 

1.37 

Female 

Cough 


1.0 

1.17 

1.06 

0 95 

1.30 


Phlegm 


1.0 

1.43 

1.92* 

0.81 

1.44 


Wheeze 


1.0 

1.60* 

1 01 

1.41 

1.10 


Aathma 


1.0 

1.05 

0.65 

1 16 

0.79 


Bronchitis 


1.0 

1.75* 

1.61 

073 

074 


Chest coW 


1.0 

1.39 

119 

0.90 

1.00 


* Odd* nbn er* ratatn* loth* rataranca category wtiara both parant* war* ravr srnofcan 

* Th»d tooJuba M peranu! aducatxw end tamrfy «u* <or an e*cepr aathma w+wr* aga, Kay law. and o«hat 

were uead 

* frgntocant at p< 0 06 
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FVC for males 10 to 19 yr of age and of 
185 ml/s (5.1%) in Vmax» for females 
10 to 19 yr of age was observed. 

Although not presented here, mean 
level of lung function tended to be in¬ 
versely related to the total number of 
smokers in the household; this was most 
evident for FEV K % predicted among 
male nonsmokers, yet sample size was 
small, and trends were not significant 
(43). Lung function was also inverse¬ 
ly related to duration and amount of 
parental smoking among nonsmoking 
males 10 to 19 yr of ag^ but not among 
females (43). 

Differences in lung function across pa¬ 
rental smoking categories were similar in 
magnitude when results were stratified 
across levels of parental education an& 
family size: When each potential coif* 
founder was included in an analysis of 
covariance, model associations between 
passive smoking and impaired lung func¬ 
tion persisted. 

Discussion 

Prevalence rates of respiratory conditions 
and level of lung function have been ex¬ 
amined in a defined community for 
nearly 3,500 young persons in relation 
to the smoking habits of their parents. 
The prevalence of passive exposure to cig¬ 
arette smoke in Tecumseh during the 
1962-1965 time period was similar to that 
found in other population surveys (1,27, 
39). Approximately 62% of those 0 to 
19 yr of age in this study had at least one 
parent who currently smoked compared 
with 54 to 70% reported in other studies. 
Given the large proportion of children 
exposed, the amount of time spent in¬ 
doors, especially by younger age groups, 
and recent energy conservation efforts, 
which reduce ventilation, the public 
health impact of passive smoking could 
be substantial. 

Several indirect measures of passive ex¬ 
posure to household cigarette smoke were 
developed from questionnaire data. Most 


investigations to date have used either a 
dichotomous classification or the num¬ 
ber of current parental smokers as ex¬ 
posure variables; only one study defined 
exposure to parental smoking with ref¬ 
erence to the child’s lifetime (25). A few 
studies have classified exposure based 
on the number of cigarettes currently 
smoked per day (5,9, 18, 53). Although 
results of this investigation were gener¬ 
ally similar for all measures of passive 
smoking, current and past smoking 
habits and the number of parental smok¬ 
ers during a child’s lifetime were most 
useful in assessing passive smoking and 
respiratory outcomes. Misclassification 
of exposure was a potential problem both 
for this investigation and others preced¬ 
ing it. The frequency of contact between 
children and their parents while cigarette 
smoking occurred, as well as exposure 


patterns in day care settings for young 
children of working parents, are addi¬ 
tional factors that should be addressed 
in future research. . 

Passive exposure to cigarette smoke 
was associated with increased prevalence 
of phlegm, wheeze, asthma, and colds 
settling in the'chest among males, and 
wheeze, bronchitis, and colds settling in 
the chest among females in Tecumseh. 
Several cross-sectional studies have 
demonstrated significant associations be¬ 
tween parental smoking and phlegm (17), 
wheeze (17, 21), bronchitis (5-7)Tand 
asthma (12,15), whereas'others have not 
documented such associations (16, 27). 
The lack of significant association be¬ 
tween parental smoking and history of 
cough in this study was consistent with 
results of several studies (16,27) but not 
with those of others (17-19,22). Came¬ 
ron and Robertson (4) were among the 
firstio suggest that differences in illness 
prevalence related to parental smoking 
might be of greater magnitude in geo¬ 
graphic locations where more time is 
spent indoors because of the climate. 

The significant inverse relationship ob¬ 
served in this investigation between pa¬ 
rental smoking and level of lung func¬ 
tion in nonsmokers 10 to 19 yr of age is 
consistent with several previous studies 
(21, 23-26, 54) but not with others (17, 
27,28, 30). Most of the studies showing 
a positive association also demonstrated 
a dose-response relationship. Results of 


TABLE 6 


MEAN ( a SE) LUNG FUNCTION W CHILDREN ADJUSTED FOR AGE ANCHOR HEIGHT USING 
ANALYSIS OF COVARIANCE BY NUMBER OF PARENTAL SMOKERS, TECUMSEH, 1962-1965* 


Sax 

Afl* 

0") 

Panama J 

Smokar* Examined 

W <") 

«v, 

CL) 

FVC 

0-) 

Vmaiw 

<L8) 

Mala 

10-14 

0 

TO 

2*12 ± 0047 

2024 * 0055 

8106 *0063 



1 

197 

2562 ± 0028 

2075 * 0033 

8227 * 0049 



2 

180 

2.480 * 0030 

2.790 * 00341 

8060*0057 


15-19 

0 

41 

4*10*0084 

4041 * 0108 

4066 * 0141 



1 

106 

4067 * 0052 

4043*0067 

4011 * 0068 



2 

75 

4052 * 0062 

4028 * 0080 

4499 * 0106 


10-19 

0 

111 

8139 * 0043 

8565 * 0053 

8626 * 0074 



1 

803 

8060 * 0026 

8466*0032 

8686 * 0045 
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this research tend to support these find* 
ings for several measures of lung func¬ 
tion, although the minima] level at which 
an effect of parental smoking can be de¬ 
tected remains unclear. Investigators have 
suggested that the lack of association ob¬ 
served in several studies may be due to 
climatic factors (17, 27), selection of a 
pulmonary function measure (peak ex¬ 
piratory flow), which may not be ade¬ 
quately sensitive (30), or small sample 
size (55). Schilling and coworkers (28) did 
not show a significant relationship in 
general, although significantly lower 
maximal flow at 50^® of FVC (MEF*© 
or Vmax»o) was observed among non¬ 
smoking girls whose mothers smoked. 
Tager and coworkers (55) suggested that 
a larger sample might have revealed a 
similar relationship among boys. 

Measures of Jung function in Tecum¬ 
seh children were not entirely indepen¬ 
dent, because values for children of the 
same household were correlated. Intra¬ 
class correlation coefficients of approx- 
‘ Innately 0.25 have been observed between 
siblings, with 0.46 between male siblings 
and 0.66 between female siblings in 
Tecumseh (44). When a random sample 
of one child per household was selected 
from this population, results were essen¬ 
tially unchanged, demonstrating that a 
lack of independence would not account 
for the observed association with passive 
smoking. 

Several investigators have adjusted 
children’s lung function by their parent’s 
lung function (28) or by their parent's 
body mass (55). It is likely, as suggested 
by Weiss and associates (57), that this ad¬ 
justment would mask a true passive 
smoking effect, should it exist. 

Several investigators have attempted to 
control for potential confounders of the 
relationship between passive smoking 
and respiratory outcomes. For example, 
Fergusson and colleagues (5) demon¬ 
strated an increase in bronchitis and/or 
pneumonia during the first 2 yr of life 
in children of mothers who smoked af¬ 
ter controlling for socioeconomic status, 
family size, and maternal age. Several in¬ 
vestigators have shown that the associa¬ 
tion of passive smoking with impaired 
lung function remains significant after 
controlling for parental education (23, 
24), sibship size (21,23), and the child's 
own smoking (25). Results from this 
study indicate that associations of paren¬ 
tal smoking with prevalence of respira¬ 
tory conditions'apd lung function are in¬ 
dependent of' parental education and 
family size. 

Cigarette smoking by children may be 


related to both parental smoking and the 
respiratory outcomes under study. In this 
research, significant relationships be¬ 
tween measures of passive smoking and 
respiratory outcomes have been demon¬ 
strated among children and adolescents 
who were presumed to be never smokers. 
There is a possibility that some of the 
observed passive smoking effect in chil¬ 
dren 10 to 15 yr of age might be due to 
unreported active smoking, and some of 
the effect in those 16 to 19 yr of age might 
be due to inaccurate reporting of their 
smoking habits. In subsequent analyses, 
subjects who were reexamined 15 yT later 
and reported cigarette smoking at an age 
that was younger than their baseline ex¬ 
amination in 1962-1965, were also ex¬ 
cluded and, in general, results were un¬ 
changed. It is unlikely that observed as¬ 
sociations between respiratory conditions 
and parental smoking among the young¬ 
est age groups could be explained by ac¬ 
tive smoking by the children themselves. 

Parents who smoke and report respi¬ 
ratory symptoms or illnesses themselves 
may tend to overreport respiratory con¬ 
ditions in their children; this parental 
reporting bias has been raised as a possi¬ 
ble explanation for passive smoking 
health effects (6, 7, 16, 17, 27, 57). 
Schenker and associates (16) suggested 
that associations between passive smok¬ 
ing and respiratory symptoms and ill¬ 
nesses may be due to shared genetic 
and/or environmental factors, or to over- 
reporting by symptomatic parents for 
their children. Weiss and colleagues (58) 
found an increased risk of atopy in non¬ 
smoking children of smoking mothers 
that was not explained by maternal 
reporting bias. When stratification or 
logistic regression was used in the pres¬ 
ent research to control for parental 
reporting bias, trends were occasionally 
diminished, yet relationships generally re¬ 
mained significant} 

It is possible that some of the observed 
association with passive smoking might 
be due to gas cooking or heating. The 
relationship between gas cooking or heat¬ 
ing and respiratory conditions (16,29,53, 
59-61), and associations with lung func¬ 
tion have been demonstrated in some 
studies (23,29) but not in others (54,55, 
59, 62). Results of a pilot study involv¬ 
ing a sample of 213 nonsmoking women 
from Tecumseh did not show a signifi¬ 
cant relationship between gas cooking 
and FEV, (62). Schenker and associates 
(16) did not find gas cooking to be an 
independent risk factor for chronic re¬ 
spiratory symptoms or illnesses. 

In general, respiratory conditions were 


more prevalent and, although not 
reported here, lung function was lower 
for male offspring when the only smoker 
in a household was the mother rather 
than the father (43). Stronger associa¬ 
tions with maternal smoking than with 
paternal smoking have been observed in 
a number of studies (5* 15, 16, 21, 23, 

53-55,61,63 ,64), This is consistent with 
a potentially greater passive exposure of 
children if their mothers smoke than if 
their fathers sjpoke, because of more time 
spent by offspring in the presence of their 
mothers during this time period. In this 
study, associations of passive smoking 
with respiratory conditions and lung 
function appeared stronger among 
younger than among older age groups 
and among males rather than among fe¬ 
males. Higher prevalence rates of respi¬ 
ratory symptoms and illnesses have been 
observed among younger age groups (2, 

5 t 21) and among male children (21,65). 

Younger age and male sex have been iden¬ 
tified as independent risk factors for 
acute respiratory illnesses and chronic re¬ 
spiratory symptoms (16). Associations 
between maternal smoking and lung 
function were strongest among younger 
male children in one study (64) and 
among female children in others (21,24, 

26, 54)i 

The apparent sex difference observed 
in this research was not explained by a j 
difference in dose or duration of exposure 
to parental smoking. Confounding by ac- I 

tive smoking could account for some of ; 
the significant associations observed in 
males 10 to 15 yr of age if a greater 
proportion of males than of females were 
active smokers. However, such confound¬ 
ing would not account for such associa- j 

tions in the younger age groups. As sug¬ 
gested by Taussig and coworkers (66), the 
sex differential in response to parental !' 

smoke exposure may have a physiologic 1 
basis. The higher prevalence and inci¬ 
dence of asthma among males* for 
example, may be consistent with an in¬ 
creased susceptibility of males to side¬ 
stream cigarette smoke or other pollu¬ 
tants. Weiss and associates (58) recently 
demonstrated significantly elevated odds 
ratios for atopy in males but not in fe¬ 
males with a prior history of bronchioli¬ 
tis or croup. 

The magnitude of association bet ween 
parental smoking and children’s lung 
function appears similar to that found 
in other studies. Whether a decrement 
of 144 ml in FEV t (4.6^o) associated with 
having 2, compared with no, parental 
smokers will become clinically significant 
with increasing age remains to be inves- 
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tigated Tiger and associates (55) recently 
reported a deficit in expected growth of 
hang function in children participating 
in the Six-Cities Study. Additional lon¬ 
gitudinal studies should be conducted to 
further substantiate these long-term ad¬ 
verse effects and to quantitate the mag¬ 
nitude of impact that exposure to paren¬ 
tal cigarette smoke may have on respira¬ 
tory health. More accurate estimates of 
passive smoking using specifically de¬ 
signed questionnaires and biochemical 
markers such as cotinine in urine or saliva 
axe needed 
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SUMMARY: The growth of pulmonary function between ages 5.5 and 25 
years was determined in 1502 observations on 3 62 subjects from a 
representative population study of non-Mexican American whites in 
Tuscon. There was an average of 8.8 years of follow-up, with a 
maximum of 12. The model developed was robust for follow-up of 3— 
7 observations (3+ years). Respiratory illnesses and smoking had 
the biggest negative impact on growth of forced expiratory volume 
in 1 s(FEVl), Vmax50%, Vmax50%/forced vital capacity (FVC) parental 
smoking and airway obstructive disease (AOD) were important also. 
Flow measures showed present and more persistent effects of disease 
and smoking than did FEV1. 
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SUMMARY 

The growth of pulmonary function between ages 5.5 and 25 years was determined in 1502 observations 
on 362 subjects from a representative population study of non-Mexican American whites in Tucson. 
There was an average of 8.8 years of follow-up, with a maximum of 12. The model developed was robust 
for follow-up of 3-7 observations (3+; years). Respiratory illnesses and smoking had the biggest negative., 
impact on growth of forced expiratory volume ini a (FEV ( ); Km, 5<HV, K«m 50%/forced vital capacity 
(FVC) parental smoking and airway obstruaive disease (AOD) were important alsO?Flow measures 
showed present and more persistent effects of disease and smoking than did FEV, 


INTRODUCTION 

Although there have been various evaluations of ‘growth’ of pulmonary function 
cross-sectionally, fewer studies have evaluated such growth through longitudinal 
measures [1-4). The paper attempts to evaluate the effects of initial function, symp- 
toms, disease during childhood, the onset of smoking, and effect of parental symp¬ 
toms and smoking [5,6]. Relationships between these findings and our physiological 
findings in early childhood are indicated. The importance of bronchial reactivity in 
childhood is discussed as well. 


• Invited paper, presented at the international Experimental Toxicology Symposium on Passive Smok¬ 
ing. October 23-25, 1986, Essen (F.R.G.). 

Abbreviations: AOD. airway obstructive disease: FEV, 4 forced expiratory volume in 1 s; FVC, forced 
viiallcapacity. 
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MATERIALS AND METHODS 

Subjects tested with a pneumotachograph were those enrolled im the 
epidemiological study of white non-Mexican American households in Tucson, 
described in detail elsewhere [7]. Subjects were tested in Surveys. There were a total 
of L520 observations from 1972-1983 on 362 individuals aged 6-15 years at the time 
of their first satisfactory testing and up through their 25th birthday at the end of 
follow-up. The maximum length of follow-up was 12 years, and the average was 8.8 
years. 

The measures of pulmonary function derived were FVC, FEVi, flow at 50% of 
FVC (K»« 50%), flow at 75% of expired FVC (F®** 75%). Individuals in the pre¬ 
sent data set were within 49% - 151% of predicted, using our previous prediction 
equations [8]. 

We used a composite growth model (unweighted longitudinal observations on in¬ 
dividuals). It was a quadratic function of height and age. The final models, based 
on three or more observations per subject, were derived for FEV U K^ 50% and 
V mux 50%/FVC (as a measure of lung size-compensated flows): FEV r = 6.844 + 

0.040 age-0.281 height + 0.003 height 2 (R = 0.916, P<0.001); K^.50% = 5.489 
+ 0.056 age - 0.221 height + 0.003 height 2 (R - 0.717, PcO.0001); 

50%/FVC = 4.65 + 0.070 age - 0.0019 age 2 - 0.116 height + 0.0008 height 2 (R 
- 0.278, P< 0.0001). 

The standard error of the estimate for FEVi for 3 or more points ranged from \ 

0.3 to 0.5, and decreased with the number of observations; the multiple correlation < 

coefficient increased with the number of observations from about 0.88 to 0.95 for 
FEV,. Residuals from the model did not correlate with any age or size determinants, 
including sitting height, or arm spam End point residuals were calculated as well for 
all individuals aged 0 -14 years at entry with follow-up to assess risk factors. 

In all methods of analysis, the number of obervations was used as a measure of 1 
individual and survey variability, it related significantly but without pattern only to 
survey. SEE’s derived for the individuals (with 2:3 values) or along with their own 
slopes, were used in the fashion of Goldstein [9,10] representing individual variabili¬ 
ty to determine contributions of risk variables to changes over time of each growth 
variable. 

RESULTS 

Residual proportions of FEVi, 50%, and V 50%/FVC were significantly 
related to symptoms in all age groups. Those who had physician-confirmed chronic 
bronchitis throughout the study had significantly lower outcome FEV t and especial¬ 
ly lower outcome K*„ 50%. Sex was not a significant covariate. 

Jk>ih outcome FEVi and Km, 50% residuals were significantly related to the 

after adjusting for other factors. The out- 
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TABLE 1 

ALL ENDPOINT jWSO* RESIDUALS BY ADJUSTED* RISK FACTORS, AGES 0-14 AT ENTRY 
Grand mean = -0.02 _ 


symptoms: 

Yes 

- 4.38 

<«> 


*' 

No 

+ 2.46 

051) 

.-• P--4L041 

Active smoking: 

Current 

-7.32 

(60} 

»c 


Ex 

-0.02 

(22) 



Never 

+ 2.80 

U55) 

P-0.054 

Passive smoking: 

Mother* 

- .02 

(127) 

— 


Father only 

+ 1.06 

(65) 

jr-' 


Neither 

- 1.58 

(45) 

P-0.858 

Overall significance (ANOVA): 

P =0.006 


. ■ 


‘Adjusted for each other factor. age (significant) and number of observations (hoi significant); Interae- 
lions: active x fathers smoking {P - 0.072), psrems’ AOD x jiookiag ^ 

^Regardless of father's smoking. _ 

i . - -• 

comes were related to symptoms within smoking groups. Parttttal AOD (diagfftsed 
emphysema, chronic bronchitis, or asthma^had additional effects on the children’s 
smoking and symptoms, for endpoint 1^*** 50% ~btrt not mdepSjdeniiyjtbe re^ual 
for current smokers with symptoms antf paftqiaf history was - 14.41^(95^con¬ 
fidence interval of -4.57 to -24.25). Pareritil smokii% was not significant** a 
main effect within the multifactor analysis of variance. However, it^showed a 
significant interaction with subjects’ smoking (children smoked 4f paren^ did} and 
parental AOD (Table 1). .. 


TABLE 11 - ' ~ - ~ 

ALL 50*/FVC RESIDUALS A^ SY^TOMST 

AND PARENTAL SMOKING, ADJUSTED FORJSEX AW OTIC^^ARt^gS ;rj 




Ages 5.5-25 


Symptoms' ~ r 

v« •- ■*&■»?*££* 

No r-*”? +2.75 

Mother's nTofcteg*^ -"■£?- * _ — 

Current _ ^ -3.68 . tk 

Ex *. ■ ' 

Never 

Children's *o€j 8 g*^ 2 ^ 7 . 




? W2 SSitKr-v 

/><o.ooi ' - - ^ ■ 


:*& —•=-* 
■ ” 4 ' ^4- ^ 

-;£* /><«K3-j. ■' 




+ 0 94 _ 




•Adjusted for sex (P< 0.001) and each cnher(age-waus)- ^ ‘ 

^Father’s smoking was of bordertroc signifi ca nt* ^ and eoafonat jmgkiog (mother 

of father smoking; father smoking only; w eilh a r) wga^ gnU jc am 5. OQgva&j ii*a<ycy 

+ 0.44, + 1.64; respectively). 


V 


TjJT 
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Size compensation (V mKX 50%/FVC) removed any further effects of age. Symp-~ 
toms, smoking and parental smoking were all related to residuals after appropriate^ 
adjustments (Table iff!*' 

The individual slopes were not correlated with initial values, but were correlated 
with endpoint values. After the various adjustment using multifactor ANOVA, as 
before, only symptoms and smoking were highly related to individual slopes, 
especially those of V*** 50%. 


DISCUSSION 


Size-compensated flows showed the same pattern with age and by sex as shown 
in infants and smaller children [5,11], with females having higher flows for given 
volumes than males after puberty, even though males had higher volumes. Flows 
( F m « x 50%) did not differ significantly by gender. As shown by others [6], abnormal 
peripheral function, as measured by the 50%, persists longer, into adulthood. 
FVC per se was higher in malts. It showed an increase related to maternal smoking 
(after adjusting for age, height and sex), as was found at our lab in infants [111. 
Significantly FEVj showed a borderline trend in the other direction. Thus, most 
significant, long-term effects leading into adulthood are in small rather than large 
airways. . 

Children’s symptomatology was related to parental history of AOD, and it 
modified effects of other factors. Initially measured pulmonary function was in¬ 
fluenced by both parental factors and the children’s respiratory history and growth 
in function was affected by these factors, the level of their initial function, and later 
symptomatology. This information confirms longitudinally our hypotheses that 
childhood respiratory trouble, and the affects of parental/familial factors are im¬ 
portant in growth of pulmonary function [12-14). 


Further, parental smoking specifically had an influen ce on the children's, 
^uimonaiy functlpp^^was 

symptoms, and parentafhistory, and 
^(Further, passive smoking 
pecially in those whi 


^smoking, as w;u 
jevcsi after adjusSnen 
fiyitv - , ' 



iiyity m 9 yi 
$14). Passive snii 
at alm ost all agL», 
tween mitiarand outcome residuals.) 


must have its major effe 
as bracking* ofTesidualsisso; 


ficant effep 
reac* 
iprqgnancjr 
tgnificanf 5 
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SUMMARY: The growth of pulmonary function between 5.5 and 25 yr 
of age was determined using 1,511 observations over time on 353 
subjects from a representative population sample of white non- 
Mexican-Aroericans in Tucson. There was an average of 8.8 yr of 
follow-up, with a maximum of 12. The method used was shown to be 
robust for span of follow-up from 3 to 12 yr (3 to 7 observations), 
and the results were verified by standard statistical methods. 
The standard error of the estimate decreased linearly with follow¬ 
up, indicating th eneed for longitudinal evaluation. Respiratory 
symptoms and diagnoses had the biggest negative impact on' growth' 
of lung function, using FVC, FEV1, Vmax50, and size-compensated : 
flows (Vmax50/FVC). Smoking had the next biggest negative impact. 
Smoking cessation was shown to have a positive impact on growth of 
pulmonary function. Using a second linear model to adjust for 
individual variability and the random variability over surveys, 
individual growth showed similar trends. Further negative impacts 
were due to parental smoking, especially as it interacts with active 
smoking and respiratory disease. Flows at end of follow-up (Vmax50, 
Vmax50/FVC) were more sensitive than FEV1 to the effects of 
concurrent disease and smoking, and more persistent effects of 
these factors in early adulthood. 
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Longitudinal Study of Pulmonary Function Development in 
Childhood, Adolescence, and Early Adulthood 

Development of Pulmonary Function 1 - 4 


MICHAEL D. LEBOWITZ, CATHARINE J. HOLBERG, RONALD J. KNUDSON, and BENJAMIN BURROWS 


SUMMARY The growth of pulmonary function b etwee n S3 and 28 yr of age mm determ in ed uainq 
1J11 o boorv ti o m over bm> on 1S3 aubfrcti from a mpr a —marl y population aamp+e of irhrtt non. 
M a rk an Amort ca m ki TOcaon. There wm an a vapa of M yr of Wiow-up, with a maximum ol 12 
The method used wm ahoem to be reboot tor apon of tokowHip from 3 to 12 yr p lo 7 obaenmtionai. 
and the raauha ware earthed by otendord atebahcal mathoda. The standard error of the eetimete 
dacmeeed H nae rty with tedo m u p, Indtesdog the need ter longitudinal evol u tion. Ra a pir ato ry eymp- 
toma and dtapnoaaa had the btppaet napathre anpeet on proerth of lunp function, uaingFVC FCV., 
Vmax**, and eixe-oompenaated ftoera (Vmaa^^FVQj Smoking had the neat btppeet napattva impact. 
Smoking ceaaatlon «aa ahewn to have a poaWy impact on growth of putononary function: Uaing 
a a e co nd Hhaar model to adfusl tor IndMdual variability and the random variability over suryya. 
Individual growth ahowad almUar tranda. Further napettva tmpacta ware due la parnmal amoUnp. 
aapedaby ae It k rtacacta wtth achy amokknp and maplntory Maeaaa, Ftowa at and of to*tow-up 
(Vmax^Vmaa^FVC) ware mom aanaWva than FCV, to the aftactaof concunent diaaeae and amo a- 
Inp, and mote pereMaant dtica of thaae toctora In aarfy adulthood- 

am atv noma dm tM7:,iMdft*7S 


Introduction 

I he study of the growth of pulmonary 
function in childhood and into early 
adulthood has stimulated many investi¬ 
gations. Although there have been vari¬ 
ous evaluations of this “growth” cross- 
seasonally, fewer studies have evaluated 
such growth through longitudinal mea¬ 
surements of pulmonary function (1-9). 
Many of these studies have been with 
only 2 observations over lime. For those 
studies with 3 or more points in time, the 
basic questions relate to how to repre¬ 
sent the generalized growth model, how 
growth is statistically dependent on ini¬ 
tial measures of function, how it is related 
to respiratory illnesses in childhood, and 
the effects of active smoking, passive 
smoking, and other environmental fac¬ 
tors. Basic questions are whether there 
are differences in growth between the 2 
sexes (10), and whether airways of differ¬ 
ent sizes grow at the same rate or are af¬ 
fected differently by internal and exter¬ 
nal factors (11). 

This report evaluates the longitudinal 
growth of pulmonary function in sub- 
)ccts who have been enrolled in the Tuc¬ 
son Epidemiological Study of Airways 
Obstructive Diseases since 1972 (12 )l It 
is a study of the development of spiro- 
metric function and the characteristics 
and robustness of a model of growth. The 
effects of sex, age, size, and of other re¬ 
spiratory faaors on growth are examined. 
The report attempts to evaluate the ef¬ 
fects of initial function, symptoms, dis¬ 
ease during childhood, the onset of 
smoking, parental symptoms and paren¬ 
tal smoking. 

Methods 

Subjects studied were those enrolled in the 
longitudinal epidemiologic study of white 
n on-Mexican-American households in TUc- 
SOn - The study has been described in detail 
elsewhere (12), 


Spirometric Testing Over Time 
Subjects 5.5 yT of age or older were tested 
spirometrically with a pneumotachygraph, 
using ATS/Snowbird criteria, as described pre¬ 
viously (13, 14). The measures of pulmonary 
function derived were FVC, FEV,, flow at 
50*7* of FVC (Ymax*,), and flow at 75^o 
of expired FVC (Vmax n ). Their percent of 
predicted FEV, values were in the range 
of 49 to 151^* at entry, using out previously 
published prediction formulks (14). 

Subjects were tested in Surveys 1 to 8 
(February 1972 through May 1984), with the 
exception of Survey 4. Thus, it was possible 
to have a maximum of 7 observations. We 
required at least 3 yr of follow-up for jub- 
jecu to be included in the data file. There were 
• total of 1,511 observations on 353 subjects 
5.5 to 15 yT of age at the time of their first 
satisfactory testing, and the oldest was 25 yr 
of age at the end of follow-up The maximum 
length of follow-up was 12 yr, and the aver¬ 
age was 8.8 yr; table 1 shows the MU obser¬ 
vations divided by the number of observations 
per person. The height distribution by age ap¬ 
peared normal for a pediatric population] 

The age range was divided into four 5-yr 
intervals to evaluate cohort effects; cohorts 
were divided into those in an age group who 
had their first spirometric test either during 
the first 3 yr of the study (1972 to 1975) or 
whose first test was performed during subse¬ 
quent surveys (1977 or later). Using multiple 


regression techniques, each pulmonary func¬ 
tion variable was regressed against age (years, 
decimalized)^ height (in inches), and the 2 to¬ 
gether, separately for those within each age 
group and by cohort. Differences were evalu¬ 
ated by multifactorial analyses of variance 
(ANOVA) as well, in which gender was a 
covariate. In these analyses, gender was not 
significant for Vmix w , and was inconsistent 
for FEV,. There were no significant differ 
cnees between cohorts in the specific regres¬ 
sions in the 4 age groups (5.5 to 10 yr v 11 to 
15, 16 to 20, and 21 to 25), for any of the 4 
measures (FVC, FEV,, Vmax*,, Vmax M ), as 
confirmed by ANOVA. The Vmax,, results 
were highly variable, and were not used fur*, 
then Thus, we studied all subjects with longi¬ 
tudinal data, regardless of when they entered 
the longitudinal study. 
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TABLE 1 

THE NUMBER Of OBSERVATHENS PER INDIVIDUAL SUBJECT 


2 3 4 5 6 7 Tout 


Ot>*#rv«tK>ns 

n 

56 

210 

440 

425 

240 

140 

1.511 

% 

37 

139 

29 1 

281 

15.9 

93 

100.0 

Sot>f*cis 

ft 

28 

70 

110 

85 

40 

20 

353 


79 

198 

31.2 

24 1 

11.3 

5.7 

1000 


The effect of multiple longitudinal obser¬ 
vations per individual subject within the dif¬ 
ferent age groups was evaluated to determine 
th^ possible dependence of multiple obser¬ 
vations in the same subjects over time. Only 
4.3®V of those with 3 longitudinal observa¬ 
tions were within the same age group. Those 
with 3 or more longitudinal observations had 
56*?t of such observations in 2 different age 
groups, 414V in 3* and 1*1% in 4 different age 
groups. Thus, individual subjects tended to 
have observations spread throughout the age 
range. The number of observations was used 
as a covanate in later analyses to represent 
each subject’s contribution to those analyses. 

Method of Evaluating 
Functional Development 
The first approach chosen for the present 
evaluation of development (“growth") was to 
use all observations of all subjects over the 
age range in the longitudinal data set to find 
the best-fitting equations (using least squares). 
It is similar to the descriptive approaches used 
previously in this study (15-18). This approach 
is generally one of using unweighted obser¬ 
vations per individual to evaluate each pub 
monary function variable The best fitting 
composite equations were curvilinear relat¬ 
ing to age as well as to height. The robustness 
of the method was determined by comparing 
the values derived for subgroups with differ¬ 
ing numbers of observations. The values for 
those with only 2 points differed significantly 
from those with 3 or more observations. 
Therefore, those subjects with only 2 points 
were excluded from further analysis. The stan¬ 
dard error of the estimate for FEV, by num¬ 
ber of observations for 3 or more points 
ranged from 0.3 to0.5 L, and decreased with 
the number of observations; the multiple 
correlation coefficient increased with the 
number of observations from about 0.88 
to 0.95 for FEV,. Thus, predicted values fit 
the observed values very closely. The standard 
error of the estimate and the multiple corre¬ 
lation coefficient for the Vmax M did not 
have any trend related to the number of 
observations. 

Results of Composite Fitting 
Forms of the equations and resulting predic¬ 
tions derived from each of the other longitu¬ 
dinal subsets defined by the number of ob¬ 
servations were similar in appearance. Age 
(in decimalized years) and a height-height 
squared function (height in inches) were im¬ 


portant overall and in all age groups. In fe¬ 
males, height did not explain as much of vari¬ 
ance in parameters as it did in males. Age 
squared was important for the curvilinear 
model of Vmax^/FVC as well. 

The FEV, and FVC were greater for males 
than for females, but were a relatively con¬ 
stant function of height at each age. Thus, 
these variables and the Vmax**/FVC were 
evaluated using separate gender models (13, 
14) and/or using sex as a covariable (9). Com¬ 
pletely separate gender analyses did not con¬ 
tribute much useful information, and are not 
discussed at length. 

The final curvilinear equations that best 
explain the development of function between 
5 and 25 yr of age, based on 3 or more obser¬ 
vations per subject, were derived for FVC and 
FEV, (in liters), Vmax*, (liters/second), and 
Vmax w /FVC (in Uters/FVC seconds, as a 
measure of lung size-compensated flows). 
They are as follows: 

FVC - 9.17 + 0.054 Age - 0.373 Height 
+ 0.004 Height* (SEE * 0.495, R - 0.923, 

p < 0.001). 

FEV,,* 6.844 + 0.040Age - 0.281 Height 
+ 0.003 Height* (SEE - 0.431; R - 0.916, 

p < 0.001). 

Vmax*, - 5.489 + 0.056 Age - 0.221 
Height + 0.003 Heighri (SEE - 1.037, R * 
0.717; p < 0.001). 

Vmax»/FVC * 4.65 + 0.070 Age - 0.0019 
Age* - 0.116 Height + 0.0008 Height* (SEE 
- 0.296, R - 0.278, p < 0.001). 

Residuals 

Residuals from the equations did not corre¬ 
late with any further age, age-height, or size 
determinants (including sitting height and arm 
span). Average age did correlate with num¬ 
ber of observations; those hiving the largest 
number of observations were an average of 
I yr younger than those having only 3 obser¬ 
vations. This was not a factor that influenced 
the results. 

To analyze differences related to other fac¬ 
tors, residuals from the equations were de¬ 
rived for each observation and were expressed 
as proportions of the predicted values. Re¬ 
siduals are positive if above the predicted value 
and negative if below it; percent predicted can 
be calculated by adding 100*7* to the resid¬ 
ual. The residuals thus derived were normally 
distributed within age groups and overall, and 
age was not' a major factor in determining 
these distributions. 


Residuals for observations of ail subjects 
Had significant autocorrelations with at least 
3 prior observations of FEV, and Vmax* 
when entered hierarchically in multiple regres¬ 
sions. The simple correlation for FEV, values 
in adjacent surveys was 0.77, decreasing to 
Oj53 for values 3 surveys apart. Therefore, be¬ 
cause of autocorrelations, in most analyses 
we evaluated the effect of factors using only 
the end-point residuals for each individual 
subject; as representing that subject's outcome 
value. 

In addition, end-point residuals were caf 
culated for all subjects younger than 14 yr 
of age at entry with any spirometric test who 
were 12.4 to 26.4 yr of age at the time of their 
last spirometry (n * 440)j This allowed us 
to assess effects of early respiratory illnesses 
and effects of early exposures to tobacco 
smoke on end-point function. 

Statistical Comparisons 
Statistical analyses were performed on the 
DEC 10-Cyber 175 of the University Com¬ 
puter CemeT, using the SPSS statistical pack¬ 
age, the BMDP Package (19); and custom For f 
tran programs. 

Methods used included those of previous 
studies, such as multi factor analysis of vari¬ 
ance (ANOVA) and covariance (ANCOVA) 
(9), and more standard evaluations of sub¬ 
group differences (3, 5; 6, 8, 15-18). Age and 
sex were used as covariables, as in the analy¬ 
ses of Ware and coworkers (9), except when 
specified. Analyses evaluated the independent 
and interactive effects of various risk factors 
on lung function. As height is a function of 
age also, and as their effects on function are 
combined biologically between puberty and 
maximum lung growth (17), interactions of 
these 2 were used in these analyses. Because 
the method used is a variant of the repeated 
measures ANOVA (linear model) (19,20), the 
repeated measures ANOVA model was used 
as welli(19), in pan to verify the results from 
the method and the multifactonal ANOVA 
and ANCOVA. 

Individual Development Curve Model 
A second major approach assessing relation¬ 
ships between other factors and the multiple 
cumulative change in function used individual 
development (“growth^) functions of the term 
age times height* that best linearized the 
changes in lung function with time. This is 
the same term found to best describe the rate 
of change in adults in our study (18), and 
found previously with other descriptive meth¬ 
ods (17). The interaction is important bio¬ 
logically, as explained above. For subjects 
with at least 3 data points, standard errors 
of estimate derived in the process were used 
as measures of individual variability in anal¬ 
yses of the slope using the approach of Gold¬ 
stein (21, 22). In this approach^ developmen¬ 
tal (“growth rate") functions (or individual 
“slopes") are the dependent variables analyzed 
in generalized mixed linear models with 
covanablfcs (age, sex, height), risk factors of 
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interest, individual variability (as mentioned), 
numbers of observations (as mentioned), and 
years of follow-up. Hierarchical approaches 
were evaluated in these processes. One can 
then use variables representing change (in 
height, smoking, etc) as independent variables. 

Personal smoking and the standard airways 
obstructive disease (AOD) symptoms were 
derived from questionnaires completed over 
time bv the subject or by the parent when the 
subject was younger than 15 yT of age (12, 
14-18). 

Rasutta 

The three-dimensional solution of the 
equation for the FEV, is shown in figure 
1. It shows clearly the curvilinear rela¬ 
tionship of function with age and height 
(and curvilinearity with both together). 
The three-dimensional solution was of 
the same form for asymptomatic non- 
smokers (“normals”) and for others. At 
age 25, the results for these “other” sub¬ 
jects shows an apparent deficit in FEV, 
of 200 to 300 ml, approximately 6% of 
normal function. The equation is of the 
same form for the 2 genders, differing 
only in age contribution. The only vari¬ 
able showing a meaningful age-sex in¬ 
teraction was Vmax^/FVC. These data 
are shown in figure 2. 

Residuals of all pulmonary function 
variablfcs were significantly related to 


significant AOD symptoms in all age 14) was considered constant (always or 
groups; the most sensitive indicator was never), new, or remitted, as seen in table 
Vmax*> (tabic 2). Those who were asymp- 3. Ever diagnosed asthma and chronic 
tomatic had no significant variation of bronchitis had prevalence rates of 6.1 and 
residuals of lung function with age In respectively. About 45^» of those 

contrast, most symptom groups showed with either diagnosis had both. Those 
variability over the age range Those with who had physician-con finned asthma or 
cough appear to show an increasing loss chronic bronchitis throughout the study 
of function with age Asthma was related had significantly lower outcome FEV, 
to the worst lung function in each age and especially lower outcome Vmax*, 
group. than did those in the 3 other groups; the 

Outcome pulmonary function was trends in their function were not linear, 
evaluated by the longitudinal status of and these values after 20 yr of age were 
physician-confirmed disease, specifically still below nonnaL Those who developed 
asthma or chronic bronchitis. Longitu- asthma during the study had lower out- 
dinal status in those who entered the come Vmax*« (but not FEV\) than did 
study as children (initial ages zero to those who never had asthma or remit- 
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TABLE 2 

ALL RESIDUALS OF Vmax* BY SYMPTOMS BY AGE GROUP’ 




. 






AGE {yr) 



Toui Yp, 

(%| 

Evac H*i Sx 

AMt 

5.5-10 tl-15 

16-20 21-25 

Cough 

- 4 84 

♦ 0.51 -3,61 

-6 34 

-5 69 

239 

No 

♦ 1 43 





nafflui 

-7:20 

-1.93 -10.07 

-5 47 

-842 

158 

No 

+1:27 





WhM» 

-5.80 

-6.68 -5.11 

-5.81 

-6 12 

14 2 

No 

♦ 2 83 





Attack* tab 

-851 

-6Z2 -891 

- 10.44 

-6 17 

139 

No 

♦ 1 48 





Any Mtnmi 

-13.58 

- 17,97 -13.95 

-10.80 

15 69 

74 

No 

♦ 1.26 





* ANOVA YES war*u* NO. p < 0 001 tor Ym varauS No 

T Th* rvumb* of obaarvauon* (paraon* tvna* Mm. tor paraon* atofi 3 ♦ taau) 

- 1.4*7 





TABLE 3 




OUTCOME FEV, AND ' 

< 

i 

| 

1 



CHILDREN < 14 YEARS OF AGE 





FEV, VmaAtt (unadpatad) 

Vmax* (adtuttad)T 


Numbar 

Maan SO Maan 

SO 


Maan 

MD aathma 






ANray* 

9 

-6.94 11.05 - 24 49 

19 20 


-24 8 

Naw 

24 

-0 69 16 74 -16.19 

2015 


-20.9 

ftamtaaioo 

17 

-0 77 16 04 -1.97 

29 71 


♦ 1.37 

Navar 

300 

♦ 3.02 13 37 *1.69 

25 13 


4 

OvaraJi (ANOVA) 


p » 0 07 

p < 0 0002 


p < 0.05 

Any asthma outcom* 


-2 36 p * 0 03 -17 43 

p < 0 0001 




* A fruatao vatua* tor *91 mo Mtftma group* onty That* wort agrwfc ar to y d#»arant 
and x qrxftcarsTy dr«*r*ot aga or owl o< w ewr *9 a 5 1 warm* 31 a 27 tor 
maarw wrt >aiu»*d tor 09* by ANOVA. 09* or on** waa no* 1. • agmltcani mart or 
Sax «m adfuatad tor. thougn not a vgrHtcart awanabto. bacauaa or atq 


by aga or onaat 1 < S mut > 5) 
* and ‘ramaarona’ |p < 0 009) ao 
artact * ovaratt ANOVA vatu#* 


TABLE 4 

OUTCOME FEV, AND Vma^ RESIDUALS BY CHILDREN’S SMOKING AND 
SYMPTOMS CHILDREN < 14 YEARS Of AGE AT ENTRY (n - 237)* 






Smoking 






FEV, 



Vmax* 


Symp4oma 

Currant 

Ex 

Navar 

Currant 

Ex 

N*var 

Adjust adt 

Evar 

-2.77 

-1.59 

2 46 

-12.12 

-4.69 

0 10 

-433 


1.26 13.08 

p< 0.02 

2.71 

-1.90 8 93 

P < 0.04 

366 

2 43 

Adpjaiad* 

-149 

9.83 

296 

-7 44 

-0.04 

285 



I N rataaad 10 v "Wtotmry or w Aormaaon on a* vanattaa Ai p yatuaa by ANOVA 
t For FEV, adiuatad tor tympaon* paaon* amorung. paw* AOO. and aga group 4 * • 

ta tgrufi ca w t) in ANOVA p < 0 077 tor adyuatad amotung; agxteao wracoona or amoving Mtn 
tom*(p - o.oaaj.ForVmax* adyuaiadmamaflaaatar aacn othar. aga aaa.paranta AOOano amo*- 
mg. and numbar or ooaarvabona (ai nat m ANOVA. p CO.031 tor a rt | wi fi amotang and p a 0 0*« tor 


ted. Those who remitted from asthma or 
chronic bronchitis during the study had 
end-point function between those who 
continued to have it and those who never 
had it. Outcome function in different 
asthma histories was si gni ficantly related 
to age of onset (in bivariate ANOVAs 
only), especially Vmax*, in those with “al¬ 
ways asthma”: mean outcome residuals 
were -31.2 for onsets <5 yr and -16.0 
for onsets > 5 yr. As average age of new 
onsets was significantly different also (6.9 
yr versus 3.1 yr for others), outcome 
Vmaxa* was adjusted for age (as seen in 
table 3). Sex and other factors were not 
significant covariates in effects of diag¬ 
nosis on function. 

After symptoms, smoking habits had 
an important effect on optcome. Resid¬ 
uals were significantly affected by smok¬ 
ing habits, both before and after adjust¬ 
ing for other factors (by muhifactor anal¬ 
yses of variance). The outcomes were 
related to symptoms within smoking 
groups, as shown for FEV, and Vmax*> 
(table 4); after adjustment for other fac¬ 
tors, symptoms were related still to out¬ 
come Vmax»«. Sex was a significant 
covariable in this multivariate relation¬ 
ship. The interaction between smoking 
and symptoms was significant for both 
outcomes, and those who toth smoked 
and had symptoms had the lowest end¬ 
-point residuals (table 4). The number of 
observations per individual subject, used 
as a covariable, was not significant. Pa¬ 
rental airway obstructive diseases (diag¬ 
nosed emphysema, chronic bronchitis, or 
asthma) had additional effects with chil¬ 
dren’s smoking and symptoms for end- 
point Vmaxjo, but not independently, the 
residual for current smokers with symp¬ 
toms and parental history was -14.41 
(95% confidence interval of -4.57 to 
-24.25). 

Parental smoking was not significant 
as a main effect within the multifactor 
analysis of variance for outcome FEV, 
or Vmax*>. However, it showed a signifi¬ 
cant interaction with subjects' smoking 
^children smoked if parents did) and pa¬ 
rental AOD in its effects on Vmax^fta- 
4>te 5). There were no such associations 
in subjects whose parents did not have 
AOD (not shown). Maternal smoking is 
significantly related to FVC (p < 0.001), 
producing a positive FVC residual: + 3.13 
versus -1.48 using sex-specific equations 
and +3.29 versus -1.36 using combined 
gender equations. This “inverse” relation- 
ship is found in all age groups, but is sig¬ 
nificant primarily in the older age groups 
and in females. 


For size-compensated flows (Vmax**/ 
FVC), females had higher predicted val¬ 
ues between ages 13 and 25 (figure 2). 
Size compensation removed any further 
effects of age on residuals. Subjects’ 
symptoms were still highly correlated 
with the outcome residuals (table 6), 
regardless of gender. There was a signifi¬ 
cant relationship for subjects’ smoking 
with outcome residuals, using sex-specific 


or combined models. (The effect of ever 
smoking was seen more in those 15 to 
25 yrof age at end point.) Parental smok¬ 
ing was not significant, though^moking 
habits of mothers showed a tfena; (Ma¬ 
ternal smoking was significant indepen¬ 
dently (p < 0.012) only when all observa¬ 
tions were evaluated together!) There were 
no significant interactions in the mul¬ 
tifactor ANOVA. 


t 
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TABLE 5 


OUTCOME Vmax* RESIDUALS BY CHILDREN'S SMOKING*. 
PARENTS SMOKING. AND PARENTS’ AOD* CHILDREN 4 14 YEARS 
OF AGE AT ENTRY* 



Total* 


Parent* with AOD 

Smoking 

Current 

Never 

Current 

IwVff 

Parent# Smoking 

Mother! 

-9 131 

448 

-9 09 

236 

Father only 

-5 73 

1.28 

-3.23 

-11.04 

Father* 

-7 07 

071 

-6 53 

-700 

Neither 

-0 40 

586 

ozs 

1366 

ANOVA (v# neither) 

Method and father only n*. 

Father*. p 4 0 03 

na 

4 0.06 



* Eumcm not shewn 

* As AlQNMM iwpftyitiwt CftTQfMC bfWlCNA, Of 
1 Ag*» ia s » 3M yr at end port 

1 Reduced N rMM to svtotowty ot mtomwaon on «N ventotos and 090 (170) 
tpoues mkmg 

k MS* cenkdence *wrvei « - 14S »>1MI. — otifi encompass 0 


TABLE 6 


OUTCOME Vmax^fFVC RESIDUALS RELATED TO CHILDREN'S SMOKING AND 
SYMPTOMS. AND PARENTAL SMOKING (n - 389): 

CHILDREN 4 14 YEARS OF AGE AT ENTRY 


Adjusted independent Factors* 

Adjust #d 

Means 

p Value* 

Subjects symptoms 

Yf* 

NO 

-3 24 
-0.67 

< 0.014 

Subjects smoking 

Ever 

Never 

-10.02 
- 1.25 

< 0.013 

Mothers' smokmgt 

Current 

Ex 

Never 

-4.41 
-3.61 
-0 40 

> 0 42 

Overall ANOVA 


< 0 001 

’ Th**# mem effects adjusted lor mn (p< 0.001 ). again*). and each <*r*r; tamers smewtng removed 
<m «cor»wwm trend) 

T M|uMd tor tethers' emotung m we# 


TABLE 7 


INDIVIDUAL GROWTH RATES* OF FEV, AND Vmax* BY RISK FACTORS* 
COVARIABLES* AND INDIVIDUAL VARIABILITY! 

Number! 

AdMNd FEV, 

Adjusted Vmsyt^ 


Smotung 

Current 52 

Ex 20 

Never 137 


Symptom# 

Ye# (79) - 0.74 

No (130) - 0.93 

n# p • 0.014 


* Conte** sm* 9 * » w*> « 1 . 000 . 

* Ornotung and symptoms adjusted lor each toe aa •** aa tfw N#r lectors (MdMifip parental 
•motong. when waa not ngrakcantj 

* Apt and see ( wywfc ca no 

* Uwng SEE ( cor r eta t ad «*h # *•* and ape, not w#h rm toaors), and number ot aeon —ana. 
(ConeMod w*h apa. year# ot tobow up. and wkh ##»#M FEV,) 

1 Reduced beceues ctf toe* ot data on ndmduai ametong (eg.. apa# vndar 11 yp or ayfaptama 


The use of the repeated measures 
ANOVA linear model confirmed the 
findings posited Thus, residuals from the 


0.74 0.66 

0.85 0 82 

0.83 0 93 

p • 0 055 p - 0 005 


fitted developmental curves analyzed by 
multi factorial ANOVA/ANCOVA “Hr 
the more general linear model 


Results of Individual 
Development Model 

As previously stated, individual “growth” 
rates (“slopes”) were evaluated following 
the approach of Goldstein (21, 22), us¬ 
ing multifactorial analysis of covariance. 
Standard errors of estimate (SEE) were 
used as a covariate for individual vari¬ 
ability (within and between surveys). The 
SEE were significantly correlated with 
the number of tests and age, but not with 
any of the risk factors. The number of 
observations per individual was used as 
a covariable also. It was correlated with 
age (and, of course, years of follow -up). 
It was correlated significantly with un- 
adjusted mean FEV, in the different sur¬ 
veys, though without trend, indicating 
random survey differences. The in¬ 
dividual “slopes” were not correlated with 
initial values, but were correlated with 
end-point (final follow-up) values. Af¬ 
ter each explanatory variable was adjust^, 
ed for covariables and c^er.explanatory 
variables, only symptomir and smoking 
were highly related to individual slopes, 
especially those of Vmax M (table 7), 

Discussion 

The composite unweighted method was 
used to obtain the best descriptive fit for 
lung function development (ie., growth) 
curves. It was not developed only to look 
for deviations/variations from time 
trends, as with time series models. The 
method used was found to be very ro¬ 
bust. It adjusted for age and for body 
size (standing height^ after which other 
measurements (sitting height, arm span) 
did not contribute to explaining func¬ 
tional measurements. Unfortunately, we 
did not make chest measurements, which 
have been found to help explain the 
growth curve in late adolescence and 
early twenties (8). The method is not in¬ 
tended as a reference formula. It is the 
mathematical best fit to the data and is 
not assumed to adequately describe bio¬ 
logic growth, although the solutions par¬ 
allel our previous descriptive results (18). 

The method provided very similar 
results for those with different numbers 
of observations, as Long as subjects have 
3 or more observations over an 8- to 12- 
yr period. Individuals with only 2 points 
do not provide sufficient information 
and do not Fit the curvilinear solutions. 
Over lengthy time periods, observations 
on an individual subject appear to be dis¬ 
tributed over the entire age range, thus 
minimizing dependency of observations. 
(Thus, there were no major losses of 
degrees of freedom or increased inter- 
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dependence of the observations based on 
the number of values used for an in¬ 
dividual subject.) We used values that 
could be examined at the follow-up end 
point and at onset. The use of residuals 
was very convenient statistically in that 
it led to variables that were approximately 
normally distributed, around a zero av^ 
erage, and was equivalent to looking at 
percentages above normal and percen¬ 
tages below normal in evaluating other 
factors affecting the development curve. 

The use of the repeated measures 
ANOVA linear model (19, 20) as an ad¬ 
junct to the composite-residual method 
showed that the descriptive fit, used for 
physiologic purposes/results yielded a 
good fit to a general linear model. The 
use of ANOVA/ANCOVA to analyze 
differences, as per Ware and coworkers 
(9), was a very robust and pragmatic ap¬ 
proach. Results that can be provided as 
actual decrements of function are far 
more understandable than are odds ra¬ 
tios or chi-square results. 

. Residuals were used to examine the 
phenomena of “tracking” the subjects* 
values over time. Thus, the relation of 
each one to “average” growth in this 
population was evaluated by looking at 
any change in the relation of the devia¬ 
tions from average (i.e., these residuals) 
over time. Normal subjects showed neg¬ 
ligible mean change in their residuals 
from initial to end point per annum. The 
grand mean change in residuals was only 
0.26%. even including those with symp¬ 
toms, smoking, and other risk factors. 
Only active smoking disturbed the track¬ 
ing with any significance (p * 0.099), 
with current smokers having an adjusted 
mean change of -0.64 ^Symptoms, 
often present initially, only produced 
a -0.19% change (p * 0.17). Other 
factors had no apparent influence on 
tracking. 

The number of observations related 
sign: cantlybut without pattern only to 
survey. In all methods of analysis, the 
number of observations was used as a 
covariate as a measure of individual varir 
ability; its lack of significant contribu¬ 
tions was considered another indication 
of the strength of this approach to model¬ 
ing. The SEE derived for each subject 
with > 3 values represents a measure 
of within-individual variability. It was 
found to be unrelated to any risk vari¬ 
ables, and related only to age and the 
number of observations. The SEE was 
used as a covariate in analyses of growth 
rates (individual “slopes”), using a lin¬ 
ear model after the fashion of Goldstein 


(21, 22), to determine contributions of because parents do. As found by many 
risk variables to changes over time. The others, there was a significant! relation 
results therefrom substantiated previous ship between the smoking habits of,pa r . 
results, as wdlias providing another meas- ents and those of their children, especially 
ure of outcome. between those of the same gender. Like- 

Size-compensated flows (expressing wise, mpthers and fathers who smoked 
Vmax w in FVC seconds) showed the same usually had spouses who smoked, 
pattern with age and by sex (figure 2) as further, parental smoking had an in. 
shown in infants and smaller children (10, fluence^on the ^children’s pulmonary 
23); females had higher flows for given functiomoutcome. It was most evident 
volumes than did males after puberty, in current smokers, symptomatic sub¬ 
even though males had higher volumes, jects, and those with a parental history 
For size-compensated flows, sex-specific of AOD. Mothers’ smoking was signifi- 
analysis yielded the same results as those cant, as found by others (9, 28)* but we 
obtained for the combined group using also found fathers’smoking to beimpor- 
gender as a covariable Flows per se tantL Parental smoking did not influence 
(Vmaxso) did not differ significantly by height at any age as suggested by these 
gender As discussed by us previously (10, previous studies. We found that subjects 
14-18, 23) and by others (3, 8, UK the did have increased volumes (FVC) and 
FEV, and flows do measure airway and decreased flow^if parents smoked. The 
parenchymal changes, and one can dis- effect did not differ by gender and was 
criminate differential contributions, es- noted even in 5 to 7-yr-olds, although the 
pecially when evaluating flow as a ratio magnitude was greater in older children 
to vital capacity. and young adults. It is interesting that 

Symptomatology contributed as well preliminary studies on infants (29) sug- 
to outcome function as another predic- gest that children of smoking mothers, 
tor of risk, but not to individual rates especially males, may have elevated func- 
of growth. Outcome function, of course, tional residual capacities even shortly af- 
was very well correlated with outcome ter birth. We have observed also that 
symptomatology as well, and to individ- adult male smokers who show a rapid 
ual growth rates. Outcomes related spe- subsequent functional decline are likely 
cifically to incidence and remission of to have well-preserved FVC values at an 
asthma and chronic bronchitis. As shown early stage of their illness (30). The mech- 
by others (11), abnormalities of flow anism underlyingthes^obsei^ttiotis re- 
(i^., the Vmax w ) persist longer, into mains unclear, but it would appear that 
adulthood. increase in lung volume could be an 

Further children’s symptomatology warty manifestation of the effects of ac- 
(by parental response and self response) live or even passive*smoking, related to 
was related to parental history of AOD. stimulation effects of nicotine, or growth 
The latter did relate to outcome of symp- compensatory effects related to CO ex- 
tomatology, and it modified effects of posure and/or possible loss oMung 
other factors (see below). Initial meas- elasticity. 

ured pulmonary function was influenced Our robust method of lung function 
by both parental factors and the chil- growth showed effects on function of var- 
dren’s respiratory history, and growth in ious risk factors that are highly compat- , 
function was affected by these factors, ible with those seen using the traditional 
the level of their initial function, and later general mixed linear model and addi- 
symptomatology. This information con- tional linear model of individual growth 
firms longitudinally, in a preliminary (21, 22). Thus, the linear models used are 
fashion at least, that our hypotheses that consistent in this population in reflect- 
childhood respiratory trouble, effects of ing actual growth of pulmonary function 
key respiratory illness, and the effects of and the factors that affect it. 
parental/familial factors are all impor- In conclusion, pulmonary function 
untin growth of pulmonary function in growth is significantly related to chil- 
children (24-26). dren’s respiratory symptoms and disease. 

Smoking had a major effect on growth and their smoking; parental/ familial fac- 
of pulmonary function as well, aadjjtere tors are important in some subgroups as 
was an interaction of smoking habttfof well Surprisingly, symptoms/disease are 
{$>e subjects and symptomatology on out- not integral in analyses in other studies 
come of pulmonary function. Ex-smok- (9, 28), nor are the interactions of int¬ 
ers may have shown a rebound phenome- portant risk factors. The effects of pa- 
no n, seen in analyses of young adults rental smoking are somewhat inconsis- 
(27). Children appear to smoke in pan tent; in some cases a maternal smoking 
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cffcci is noted only within other risk fac¬ 
tor subgroups. The independent and in¬ 
teractive effects are seen as perturbations 
in the growth curve as well as in out¬ 
come function (FVC, FEV*, Vmax w . 
Vmax»o/FVC). Flows (Vmax M ) and size- 
compensated flows (VmaWFVC) were 
the most sensitive, and often showed per¬ 
sistence of decrement related to early 
events, 
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The authors of this study investigated parental smoking 
habits, pulmonary function capabilities, and nonspecific bronchial 
responsiveness to eucapneic hyperpnea with subfreezing air in a 
community-based sample of children and young adults. 
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The Effect of Passive Smoking on Pulmonary Function 
and Nonspecific Bronchial Responsiveness in a 
Population-based Sample of Children and Young Adults 14 


GEORGE T. O'CONNOR , 1 SCOTT T. WEISS, IRA B. TAGER, and FRANK E. SPEIZER 


Introduction 

•Recent scientific investigations have ob¬ 
served adverse effects of parental ciga¬ 
rette smoking on level of pulmonary 
function (1) and rate of change of pul¬ 
monary function (2) in children. Whether 
passive smoking is an independent risk 
factor for these outcomes in children or 
whether the effects of passive smoking 
result from associations with other puta¬ 
tive risk factors, such as respiratory in¬ 
fections (3, 4) or the occurrence of thei 
atopic state (5), remains unclear. The as¬ 
sociation of parental cigarette smoking 
with wheezing symptoms in children (6, 
7) as well as the identification of paren¬ 
tal smoking as a factor that exacerbates 
the symptoms of childhood asthma (8) 
suggests a potential relationship between 
passive cigarette smoking and non¬ 
specific bronchial responsiveness. To in¬ 
vestigate this possibility, we studied pa¬ 
rental cigarette smoking, pulmonary 
function, and nonspecific bronchial re¬ 
sponsiveness to eucapneic hyperpnea 
with subfrtezing air in a community- 
based sample of children and young 
adults. 


Methods 

Population 

Details of the initial selection of the study 
population have been published previously 
(1). A random sample was selected from all 
children 5 to 9 yr of age in the public and 
parochial school systems of East Boston as 
of September 1974. These index children 
along with all members of their households 
constituted the initial study population. All 
members of the cohort have been s cr e en ed 
on an annual basis since 1975, except for the 
second and third years when only index chil 1 
dren were studied. Standardized question- 
naires have been used to obtain information 
on respiratory symptoms and illnesses, smok¬ 
ing history, and demographic data. Parents 
answered for children 10 yr of age and youn¬ 
ger, except for questions about the child's 
smoking history, which were asked during pul¬ 
monary function testing when the parents 


were not present Asthma was defined as an 
affirmative response to a question about 
whether the subject has been told he or she 
has asthma by a doctor within the past 12 
months. “Any wheeze" was defined as any 
category of affirmative response to a ques¬ 
tion about wheezing within the past 12 
months. Episodes of dyspnea and wheeze were 
considered present if there was in affirma¬ 
tive response to a question about the occur¬ 
rence of such episodes within the past 12 
months. Current cigarette smoking was de¬ 
fined as currently smoking at least 1 cigarette 
per day or having quit such a habit within 
the past 12 months. 

Pulmonary Function Testing 
Subjects performed FVC maneuvers with the 
use of an 8-L, water-filled, portable, record¬ 
ing spirometer (Survey Spirometers Warren 
Collins, Braintree, MA) while in the sitting 
position and without the use of noseclips; 
FVC, FEV„ and FEP^.r* were measured 
using standard techniques. Mean values for 
the best of 3 of 5 acceptable tracings were 
used for analysis. All values were corrected 
to nrs. 


Cold Air Protocol 

During the sixth through eighth interview cy¬ 
cles (1980 to 1982), a sample of the cohort 
families was selected to participate in a study 
of bronchial responsiveness to eucapneic 
hyperpnea with sub freezing air and allergy 
skin testing. An attempt was made to include 
as many subjects as possible who reported 
a history of asthma or wheezing, but asymp¬ 
tomatic subjects were selected randomly. If 
possible, the protocol was not performed 
within 3 wk of a respiratory infection, but 
this was not always achieved in the winter. 

After completing the questionnaire and 
spirometry as described above, subjects per¬ 
formed eucapneic hyperpnea with subfreez- 
ing air using the technique of Deal and co- 
workers (9). Subjects hyperventilated with 
cold air for 4 min with a target minute venti¬ 
lation of 25 times the initial FEV,. Five 
minutes after completing cold air hypernea, 
repeat spirometry was performed. After com¬ 
pleting the above protocol, each subject un¬ 
derwent allergy skin testing by the prick 
method. Four common environmental anti¬ 
gens were tested: mixed trees, mixed grasses. 


ragweed, and house dust. Atopy was defined 
as the occurrence of any wheal for at least 
one antigen. 


Data Analysis 

Response to cold air was evaluated by taking 
the difference between the prechailenge and 
postchallenge FEV, (AFEV,). To correct for 
size, 2 analytic methods were employed. One 
method consisted of dividing AFEV, by 
predicted FEV, calculated from standard 
regression equations (10). Using predicted 
FEV, for this purpose offered several advan¬ 
tages. Predicted FEV, had a slightly higher 
correlation with AFEV, (r ■ 0.36) than did 
height (r - 0J1) or height^ (r ■ 0.33). Use 
of predicted FEV, avoided size-correcting by 
a measure that itself may reflect bronchial 
tone, such as FVC or FEV,. Finally, AFEV, 
as a percent of predicted FEV, is easily inter¬ 
preted. The other method of size correction 
employed a linear regression model with 
AFEV, as the dependent variable and 
predicted FEV, along with exposure as the 
independent variables. 

Chi-square test, nests for independent sam¬ 
ples, multiple linear regression, and stepwise 
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SOI 


SUBJECTS STUDIED WITH AIR COMPARED WITH OTHER SUBJECTS 
IN THE POPULATION SAMPLE 



Subrecta Year 

8,7, or 8 
with Cold Air Oats 

Number 

Subjects Year 

6. 7, Of 8 

Without Cold Air Data 

Number 

Ag#,yr- 

12.8 2 0.2 

292 

12.9 * 0.1 

588 

Currant asthma. H 

7.2* 

292 

3.9t 

566 

Any wheexa, H 

18.9* 

291 

12.3* 

566 

Current personal smoking, . 9k 

7.9* 

280 

13.0* 

852 

Currant maternal smoking. H 

81.9 

288 

96.0 

578 

Current paternal smoking, H 

43.1 

274 

«0i 

562 

FVC,. Hpred* 

101.3 2 0.8 

292 

100.0 X 0.7 

409 

FEV,. % pred* 

103.7 2 0.88 

292 

1004 * 0.0* 

428 

FEFw^w H pred* 

82.8 2 1J* 

292 

07.4 * 1.1* 

409 


‘ VtfUM Vf lMM s St 

t p < 0.0* by ch+mun. 

* § < 001 Of ctti iq uw . 

• p < 002 by f mt Nr Wd* 


linear regression were performed using the 
Statistical Analysis System, Inc software 
package (11), In regression models, discrete 
variables were assigned values of zero or 1 
as follows: sex (I ■ male), current personal 
smoking (I « smoker), current maternal 
smoking (1 - smoking mother), current 
paternal smoking (I ■ smoking father), atopy 
(1 • atopic), and history of cold within 2 wk 
(1 • yes). In the stepwise linear regression 
procedure a significance level of 0.1S was used 
for entry into and retention in the model, but 
statistical significance was considered to be 
present only for p values less than 0.05. 

Results 

Cold air challenge was performed by 292 
subjects 6 to 2! yr of age during the study 
period: Characteristics of these subjects 
and the 586 similar-aged subjects not 
selected for the cold air protocol are given 
in table I. By design, the prevalence of 
current asthma was greater among cold 
air subjects than among those not 
selected for cold air (7versus 3.9^9, 


available for 273 of the 286 subjects in¬ 
cluded in the analysis, including 20 of 
the 21 asthmatic subjects. 

The characteristics of the subjects who 
underwent cold air challenge, stratified 
according to current asthma and current 
maternal smoking status, are given in ta¬ 
ble 3. Among the 265 subjects who de¬ 
nied current asthma, there were no differ¬ 
ences between maternal smoking groups 
with respect to age, sex, or history of a 
cold within 2 wk. Among the 21 subjects 
with current asthin^children of smtfc- 
4ng mothers bad a k^er meazi^g^^e 

Jpatcf oT recent colds, but these differ¬ 
ences were not significant. Among 
nonasthmatics, children of smoking 
mothers were significantly more likely to 
smoke themselves than were children of 
nonsmoking mothers. None of the asth¬ 
matic subjects smoked themselves. 

was^signif 

low^mo^oifimon amon|diaai^iof 


air subjects than among subjects not cho- smoke themselves than were c 
sen for cold air. Current maternal and nonsmoking mothers. None o 
paternal smoking did not differ signifi- matic subjects smoked th 
candy between the cold air poup and the 1 

remainder of the population sample. l^^^mo§^^imwambn|( 

Wheezing symptoms reported by cold ^Rnoiohg' mother! than amon 
air subjects are given in table 2 for |^^**^ •■*■**- 
291 subjects with complete respiratory t 
symptom data. Any wheeze and episodes 
of dyspnea and wheeze were reported by 4go 
14.1 and 3.0Vo, respectively, of subjects ^ p e^j O B t 
who denied currtnt doctor-diagnosed iii ^ 
asthma. Nineteen of the subjects deny- 
ing current asthma had a history of previ- justment for personal smoking status 
ous doctor-diagnosed asthma. Current using multiple regression did not alter the 
maternal smoking data were not availa- significant association between maternal 
ble for 6 nonasthmatic subjects who un- smoking and low FEV, and FEFi*. Ti 
derwent the cold air protocol, so these (results not shown).*Among,tbe asth- 
subjects were excluded from further anal- matic subjects, those with smoking 
ysis. Current paternal smoking data were mothers^ ha#k)wer mean FEV,^anff 




respectively, p < 0.05). The FEV, percent 
predicted and FEFu. ?l percent predicted 
were significantly lower in the cold air 
group, reflecting the preferential selec¬ 
tion for the cold air protocol of subjects 
reporting wheeze: Personal smoking was 
significantly less common among cold 


TABLE 2 

SYMPTOMS REPORTED BY COLD 
_ AIR SUBJECTS _ 

Subjects Subjects 

Denying Reporting 

Asthma Asthma 



ifl) 

(H) 

W 

W 

Subject* 

270 


21 


A»y wheeze 

38 

14.1 

17 

•10 

Epwtfw erf dy»pnM 





•«d wheeze 

6 

3.0 

10 

478 


SUBJECT CHARACTERISTICS 


Nonas thmabes 

Asthmatics' 


Nonsmoking 

Smoking 

Nonsmoking 

Smoking 

Mother 

Mother 

Mother 

Mother 


Subjects, n 

97 

188 

12 

9 


12.8 2 0.3 

12.9 2 0.2 

12.7 2 0.9 

11.0 2 0.9 

Males, W 

81.8 

49.4 

50.0 

77.8 

Current smokers, H 
> 1 possible allergy 

3.1* 

11.3* 

0 

0 

•km tesL H 

Cold wrthin 

14.7* 

<" - 95) 

27.2* 

(n w 182) 

25.0 

33.3 

2 wk, H 

25.3 
<n . 95) 

253 

(n - 166) 

8.3 

33 3 

FVC, H pred* 

102.8 2 1.35 

99.7 2 l it 

104 0 2 2.9 

107.8 a 3.8 

F€V ti H pred* 

FEE*-#*. * pred* 

108.0 2 1.4* 

101.4 2 l.ll 

102.9 2 3.5 

100 8 2 8.3 

Mean 2 SE 

103.0 2 2 . 3 ) 

98 2 2 13) 

85 8 2 6.8 

76.1 2 10.4 


* Non* of Vi* dlftwvnc** b* f — n marnmW smoking group* *r» KMsnceOy ogmheom tv ootfwnaoe*. 
t VMu** *r» m**n * SC. 

* P • 0.02 by Ch^Oowor* tv <JW*r*nc* &*tw*en moiomoi smoking group* 
lo.Of < $ < 0.10 (V O tWvsno * b et ween wotvnet *mo«ng group*. 

I p < 0.001 lor om*r*nc* b et w een mwn*t t rn okmg group*. 
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' TABLE 4 

GOLD AIR RESPONSIVENESS BY ASTHMA AND CURRENT 
MATERNAL SMOKING STATUS 


Current Asthma 

Status 

Currant Mattmal 
Smoking Status 

Numbar 

4FEV ' * 1P0- 

Prad. FEV, 

Ndnasthmatic 

Nonsmoktr 

97 

6.29 a 0.57* 


Smokar 

168 

5.82 a 0.43* 

Asthmatic 

Nonsmokar 

12 

11.9 a 4.8* 


Smokar 

9 

24.0 a X3* 


* Vat** ar* m*an x S£ 

t p • 0.54 tor d**roc* ft a hm* n 

* p » 0-07 tor aiftaonc* bat w an 


ntv« amotong 


TABLE 5 

COLO AIR RESPONSIVENESS BY ASTHMA AN0 CURRENT 
PATERNAL SMOKING STATUS 


Currant Asthma 

Slants 

Currant Patamal 
Smoking Status 

Numbac 

AFEV ' x ,00- 
Prad. FEV, 

Nonasthmabc 

Nonsmokar 

147 

6.35 * 0.52* 


Smokar 

106 

5.46 * 0.58* 

Asthmatic 

Nonsmokar 

11 

17.1 a 3.7* 


Smokar 

9 

15.0 a 3.9* 


* VakMt ara moorv t St 

* p < 0-25 tor diftoanca 


TABLE fl 

MULTIPLE UNEAR REGRESSION RESULTS 
DEPENDENT VARIABLE; CHANGE IN FEV, CAUSED BY HYPERNEA WITH COLD AIR 


Group 

Number 

R* 

Indapandant 

VanaWa 

Ragrassion 

Coaffibant 

Standard 

Error 

p VfcJua 

Nonasthmatics 

265 

0.15 

Pradictad FEV, 

0.079 

0.011 

0.0001 




MatamaJ smoking 

-0.011 

0.021 

0.82 

Asthmatics 

21 

0.71, 

Pradictad FEV, 

0.515 

0-079 

0.0001 




MatamaJ smoking 

0.319 

0.125 

002 


TABLE 7 

PUUMONARY FUNCTION AND COLD AIR RESPONSE OF SUBJECTS 
DENYING ASTHMA AND WHEEZE 



Nonsmoking 

Mothar 

Smoking 

Mothar 

Subtacts, n 

87 

139 

FVC. H prad* 

102.8 a 1.4 

100.9 a 1 l2 

FEV.. H prad* 

106.1 a 1.5* 

103.0 a 1.1* 

FEF,*.,* W prad* 

103.9 a 2.4* 

90.0 a 1.5* 

AFEV. x 100/pradicJad FEV,* 

6.31 a 0.69 

5.55 a 0.47 


* Vartwa ara maan x St. 
t p < 0.01 tor dftlarafica ba 


•mot amotung group*. 


FEFtt.'t*and higher mean FVC than did 
those with nonsmoking mothers, al¬ 
though these differences were not signifi¬ 
cant. 

Among nonasthmatics, mean cold air 
response expressed as A FEV, divided by 
predicted FEV, did not differ between 
subjects with smoking and nonsmoking 
mothers (table 4). Among the 21 asth¬ 
matics there was a trend toward greater 
cold air response in subjects with smok¬ 
ing mothers than in those with nonsmok¬ 


ing mothers (p = 0.07). Cold air response 
was not significantly related to paternal 
smoking status for either nonasthmatics 
or asthmatics (table 5). 

Using linear regression to adjust for 
predicted FEV„ the regression coefficient 
for maternal smoking as a predictor of 
AFEV,, did not differ significantly from 
zero among nonasthmatic subjects (ta¬ 
ble 6). For asthmatic subjects, the regres¬ 
sion coefficient for maternal smoking 
was significantly different from zero (p 


* 0.02), indicating a significant relation¬ 
ship between maternal smoking and colt) 
air response in this regression model. 

Because of the possibility that some 
of the subjects who reported wheeze but 
denied doctor-diagnosed asthma may ac¬ 
tually have had mild asthma that had not 
prompted them to seek medical attention, 
an analysis restricted to subjects who de¬ 
nied both asthma and wheeze was per¬ 
formed. As indicated in table 7, results 
were similar to those for all subjects deny¬ 
ing asthma, Lcl, maternal smoking was 
associated with significantly lower FE V, 
mnd FEFuJm but not with any alteration 
of cold air response. 

Stepwise multiple linear regression was 
performed to assess the relationship be¬ 
tween cold air responsiveness and a num¬ 
ber of variables of potential importance. 
Change in FEV, was used as the depen¬ 
dent variable. Predicted FEV, was en¬ 
tered as the first independent variable to 
coned for size. Other independent vari¬ 
ables analyzed were age, sex, height, cur¬ 
rent personal smoking status, current 
maternal smoking status, current pater¬ 
nal smoking status, atopy, and history 
of a cold in the 2 wk prior to testing. 
Among nonasthmatics, no variable en¬ 
tered the model with a regression coeffi¬ 
cient significantly different from zero af¬ 
ter predicted FEV, was entered. Among 
the 21 asthmatic subjects, only current 
maternal smoking status entered the 
regression after predicted FEV,. Current 
maternal smoking status remained a sig¬ 
nificant predictor of AFEV U and its 
regression coefficient changed only 
slightly when adjustment for history of 
a cold in the previous 2 wk was accom¬ 
plished by forcing this variabl^into the 
model. 

Discussion 

Passive smoking by children of cigarette 
smokers has been found to be associated 
with decreased level of pulmonary func¬ 
tion (1, 6, 12-15) although several studies 
have observed no effect of parental smok¬ 
ing on spirometric values (16-18). A lon¬ 
gitudinal study of children and young 
adults observed a decreased rate of 
change of pulmonary function among 
subjects with smoking mothers (2), sug¬ 
gesting that passive smoking may have 
a deleterious effect on growth of the re¬ 
spiratory system. The mechanisms by 
which passive smoking may decrease the 
level or rate of change of pulmonary 
function have not been established. 

A link between cigarette smoke ex¬ 
posure and increased bronchial respon- 
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sivcness has been suggested by a number 
of physiologic investigations of adult 
subjects, although the relevance of these 
data to passive smoking in children is not 
certain. Active cigarette smoking has 
been shown to cause an acute increase 
in airway resistance in normal volunteers 
exposed in the laboratory (19, 20). A 
number of investigators have examined 
the influence of chronic cigarette smok¬ 
ing on bronchial responsiveness (21-28), 
and most (22-28) have found greater re¬ 
sponsiveness among smokers than 
among nonsmokers. 

The acute effects of passive smoking 
in adults have been studied in the labo¬ 
ratory with conflicting results. Dahms 
and coworkers (29) observed that asth¬ 
matic subjects, but not normal subjects, 
experienced a decline in pulmonary func¬ 
tion after 1 h of exposure to sidestream 
cigarette smoke. Wiedemann and co- 
workers (30) and Shephard and col¬ 
leagues (31), on the other hand, found 
that passive smoking caused no acute 
change in the pulmonary function of 
asthmatic subjects exposed in environ¬ 
mental chambers for 1 and 2 h, respec¬ 
tively. Wiedemann and ccgvorkers (30) 
measured nonspecific bronchial reactiv¬ 
ity to methacholine 1 day before and im¬ 
mediately after passive smoking in these 
same asthmatic subjects. They observed 
a small but significant decrease in respon¬ 
siveness after passive smoking. Interpre¬ 
tation of these studies is difficult since 
the et fects of autonomic nervous system 
responses to the stress of the in-chamber 
exposure were not taken into accounts 
Furthermore, acute exposure studies may 
have little relevance to the effects of 
chronic exposure. 

Population-based studies have pro¬ 
vided conflicting evidence regarding the 
influence of passive smoking on non¬ 
specific bronchial responsiveness and 
•sthma among children. Dodge (7) found 
an association between parental smok¬ 
ing and symptoms of cough, phlegm* and 
w heeze among 676 Arizona school chil- 
<iren 8 to 12 yr of age, although parental 
smoking was not related to level of pul- 
B^nary function. Weiss and coworkers 
(6) studied 650 children 5 to 9 yr of age 
m East Boston and found that parental 
cigarette smoking was associated with the 
report of persistant wheeze. Gortmaker 
colleagues (32) analyzed data of 
3»072children between infancy and 17 yr 
of age from a random household health 
survey carried out in Michigan and Mas¬ 
sachusetts. The diagnosis of asthma, 
based on reporting by the mother, was 


significantly more frequent among chil¬ 
dren with smoking mothers than among 
those whose mothers denied smoking. 
The investigators calculated that 18 to 
34<7o of childhood asthma in their sam¬ 
ple could be attributed to maternal smok¬ 
ing; however, the possibility of report¬ 
ing bias in this study cannot be excluded. 
In contrast, Schenker and associates (3) 
studied 4,071 children 5 to 14 yr of age 
in rural Pennsylvania and found no as¬ 
sociation between parental smoking and 
either persistant wheeze or doctor- 
diagnosed asthma, although parental 
smoking was related to the occurrence 
of chest illnesses. Schilling and cowork¬ 
ers (17) found no association between pa¬ 
rental smoking and respiratory symp¬ 
toms among 816 children 7 yr of age and 
older in Connecticut and South Carolina. 

In the present study, current maternal 
jmoking was associated with signify 
ointly lower FEV* and FEF*. n *mongP 
the 265 subjects who denied recent 
doctor-diagnosed asthma. The magni¬ 
tude of this effect was greater than that 
observed among our entire population 
(1; 6) and also exceeded that reported by 
other investigators who have observed 
significant effects of parental smoking 
on spirometric values (12-15). The 
preferential selection for cold air chal¬ 
lenge of subjects reporting wheeze may 
have resulted in a sample displaying in¬ 
creased susceptibility to the effect of pas¬ 
sive smoking on spirometric values, even 
among subjects denying recent asthma. 
A subject’s report of recent medical ther¬ 
apy for asthma has been found to be a 
useful indicator of this disease (33), but 
there remains the possibility that some 
of the subjects who denied asthma actu¬ 
ally had mild asthma that had not 
prompted them to seek medical attention. 
To eliminate potential error caused by 
misclassification of mild asthmatics as 
nonasthmatics, we performed an analy¬ 
sis restricted to subjects denying both 
asthma and wheeze and found results 
similar to those for all subjects denying 
asthma. 

Despite the relationship between 
maternal smoking and pulmonary func¬ 
tion, there was no association between 
maternal smoking and cold air respon¬ 
siveness among subjects denying asthma. 
^Thcsc findings suggest that decreased 
pulmonary function associated with pas¬ 
sive smoking is not due to increased non¬ 
-specific bronchial responsiveness^n- 
stead, passive smoking may alter, the 
frowth of the immature respiratory 
system. 


If aay relationship between passive 
smoking and nonspecific bronchial re¬ 
sponsiveness does exist among nonasth¬ 
matic children and young adults, its 
demonstration may require more precise 
quantitation of passive smoke exposure. 
Household smoking reported on ques¬ 
tionnaires correlates well with urinary 
cotinine as an in dicator of passive smoke 
exposure (34, 35), but a more quantita¬ 
tive estimate of exposure based on coti¬ 
nine measurements or detailed environ¬ 
mental data could enhance the investi¬ 
gation of passive smoking effects^ ttT 
addition, cold air challenge testing, which 
employs a single-dose stimulus and which 
measures response in terms of maximal 
expiratory spirometric values, may not 
be sufficiently sensitive to detea subtle 
physiologic changes induced by passive 
smoking among the nonasthmatic popu¬ 
lation. Other physiologic techniques, 
such as bronchial provocation tests em¬ 
ploying incremental doses of bron- 
choconstriciing stimuli or panial expi¬ 
ratory flow-volume measurements, might 
improve sensitivity to such changes. 

An important self-selection process 
^also may save to mask a relationship be¬ 
tween passive smoking and bronchial re¬ 
sponsiveness. Persons who are genetically 
predisposed to higher levels of bronchial 
responsiveness may tend to avoid smok¬ 
ing or to quit smoking once they start, 
whereas those who start and continue to 
smoke may be relatively less predisposed 
to the development of hyperresponsive¬ 
ness. Because of this ‘healthy smoker ef¬ 
fect,’ smoking families may be genetically 
inclined to lower responsiveness than 
nonsmoking families, obscuring any in¬ 
crease in bronchial responsiveness caused 
by active or passive cigarette smoking. 
This may explain the lower prevalence of 
maternal smoking among asthmatic sub¬ 
jects than among’nonasthmatic subjedt^ 
* in the present data. Studies using longitu¬ 
dinal designs beginning in early child¬ 
hood would be better able to shed light 
on these interrelationships, since bron¬ 
chial responsiveness measured early in 
life could serve as a baseline, with subse¬ 
quent examinations re fleeting the effects 
of exposure. Cross-seaional data, such 
as presented in this report, should be in¬ 
terpreted with caution. 

Among the 21 asthmatic subjects in the 
sample; maternal smoking was associated 
with higher mean FVC and lower mean 
FEV, and FEF u .t», but these differences 
were not significant. Cold air responsive¬ 
ness was greater among subjects with 
smoking mothers than among those with 
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nonsmoking mothers. Expressed as a per¬ 
cent of predicted FEV U the change in 
FEVj caused by eucapneic hyperpnea 
with subfreezing air was approximately 
twice as high among asthmatic children 
of smoking mothers as among those of 
nonsmoking mothers, a difference that 
was not significant (p * 0.07). In the lin¬ 
ear regression analysis, maternal smok¬ 
ing was a significant (p - 0.02) predic¬ 
tor of AFEV, after adjusting for 
predicted FEY*. In stepwise linear regres¬ 
sion using change in FEV K as the depen¬ 
dent variable and predicted FEV, as the 
first independent variable, maternal 
smoking status was the only other in¬ 
dependent variable that entered the 
model for the asthmatic subjects. The 
lack of a similar relationship between 
cold air response and paternal smoking 
may reflea less time spent at home or 
in dose proximity to the children by 
fathers than by mothers. 

Because our population-based sample 
contained a relatively small number of 
asthmatics, findings regarding the effects 
of passive smoking on young asthmatics 
should not be considered conclusive. Our 
data are in agreement with those of Mur¬ 
ray and Morrison (36), who observed 
greater nonspecific bronchial responsive¬ 
ness to histamine in association with 


maternal smoking among 94 asthmatic 
children. These data provide a physio¬ 
logic basis for the retrospective findings 
of O'Connell and Logan (8), who re¬ 
viewed the records of 400 asthmatics and 
found that parental smoking frequently 
exacerbated asthma symptoms, which of¬ 
ten improved when parents stopped 
smoking. 

In copchiston, among the 21 asthmatic 



We were un- 

abfeto'<fem onst rafeany effea of paren¬ 
tal smoking on bronchial responsiveness 
among 265 similar-aged nonasthmatic 
subjects,^ 



___ _„jse findings suggest that 

lower levels of childhood pulmonary 
function associated with maternal smok¬ 
ing may not be due to increased bron¬ 
chial responsiveness. Further research 
using more precise quantification of ex¬ 
posure and more comprehensive physio¬ 
logic evaluation may help elucidate the 
effects of passive smoking during growth 
of the respiratory system. 
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ABSTRACT. Previous studies have suggested that passive smoking 
(involuntary inhalation of tobacco smoke by nonsmokers) reduces 
small airways function. We evaluated the exposure to passive 
smoking and its effects on pulmonary function and symptoms in a 
group of 12- to 17-year-old high school athletes (N=209; 119 boys 
and 90 girls) at their annual presport participation physical 
examinations. A structured interview was used to assess pulmonary 
symptoms, personal smoking habits, and passive cigarette smoke 
exposure. All athletes performed forced expiratory maneuvers on a 
portable spirometer. We measured forced vital capacity, forced 
expiratory volume in 1 second, and forced expiratory flow 25% to 
75% (FEF25-75) . The best of three FEF25-75 measured was used. 
Less than 70% of predicted FEF25-75 was considered abnormal. Of 
the 209 athletes, 7.7% were active smokers and were excluded. Of 
the remaining 193 athletes, 68.4% were currently exposed to passive 
smoking. We found a fourfold increase in incidence of low FEF25- 
75 and/or cough in athletes exposed to passive smoking compared 
with athletes not exposed: 18 of 132 exposed athletes (13.6%)' had 
low FEF25-75 and/or cough compared with two of 61 unexposed athletes 
(3.3%) who had low FEF25-75 and cough (P=.02). Boys were more 
frequently exposed to passive smoking than girls (74% of boys 
[80/108] v 61% of girls [52.85]), but the effects were more 
pronounced in girls. These data show a relationship between 
exposure to passive smoking and early pulmonary dysfunction in 
young athletes. The frequent exposure to passive smoke and the 
high prevalence of dysfunction in this population, generally 
considered to be healthy, is of particular concern. 
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ABSTRACT. Previous studies have suggested that passive 
smoking (involuntary inhalation of tobacco smoke by 
nonsmokers) reduces small airway* function. We evalu¬ 
ated the exposure to passive smoking and its effects on 
pulmonary function and symptom* in a group of 12- to 
17-year-old high school athletes (N ■ 209; 119 boys and 
90 girls) at their annual presport participation physical 
examinations. A structured interview was used to assess 
pulmonary symptoms, personal smoking habits, and pas¬ 
sive cigarette smoke exposure. All athletes performed 
forced expiratory maneuvers on a portable spirometer. 
We measured forced vital capacity, forced expiratory 
volume in 1 second, and forced expiratory flow 25% to 
75% (FEF 25 -ts). The best of three FEFjvts measured was 
used. Less than 70% of predicted FEF^tb was considered 
abnormal. Of the 209 athletes, 7.7% were active smokers 
and were excluded. Of the remaining 193 athletes, 68.4% 
were currently exposed to passive smoking. We found jg 
lourfold increase in incidence of low FEFl^’ihd/or 
athletes exposed to passive smoking compared 
^•rith athletea* not exposed^ 18 of#32* txpose«thleta» 
413.6%) hadjpw FEF».w and/oi^cough.comparsd with 
^>^|6^^Mxpbse4 athls5^C3^%) who had low 
^CF^^aha dD)U 4 ^(P ■ .02). Boys were more frequently 
exposed to passive smoking than girls (74% of boys [80/ 
108] v 61% of girls [52/85]), but the effect* were more 
pronounced in girls.. These data show a, relationship be-, 
iweenexpoeure to p^mvc^idibkinjl^andfearly^BInS^by 
^sf&nction in young athletes.'The fisquent exposure to 
assivs amoks and the high prevalence of dysfunction in 
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this population, generally considered to be-healthy; isA 
particular concern. $ Pediatrics 1987;80:32-36; passive 
smoking, cough, spirometry, adolescent, athlete. 


Passive smoking, or involuntary inhalation of 
tobacco smoke by a nonsmoker, has been implicated 
as a threat to health . 1-4 Sidestream smoke arising 
from the burning end of a cigarette produces ap¬ 
proximately two thirds of the air pollution resulting 
from tobacco smoke in a room . 5 Concentrations of 
most toxins and carcinogens present in cigarette 
smoke are higher in sidestream than in exhaled 
mainstream smoke.* Reports of adverse health ef¬ 
fects from passive smoking range from increased 
frequencies of acute and chronic respiratory ill¬ 
nesses in infants and young children to a higher 
incidence of lung cancer in nonsmoking spouses . 7 " 14 
Recent studies have shown an overall increased 
cancer risk in passive smokers, with the greatest 
risk being in adults who have been passive smokers 
since childhood . 1518 

In studies of young children, exposure to parental 
smoking has been associated with a greater fre¬ 
quency of respiratory symptoms such as cough, 
increased mucous production, and wheezing, as well 
as an increased incidence of asthma and bronchiol¬ 
itis .* 131417 Impaired pulmonary function has been 
observed in nonsmoking children whose parents 
smoke, suggesting a reduction of small airways 
function due to passive smoking early in life . 1 *" 20 

In this study, we evaluated the effects of passive 
smoking exposure on pulmonary function and 
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symptoms in a group of high school athletes. We 
defined passive smoking exposure as living at home 
with one or more smokers or being exposed to a 
friend’s cigarette smoke for at least two hours per 
week. 

MATERIALS AND METHODS 

In August 1985, during a five-day period, we 
performed physical examinations on approximately 
600 teenage athletes 12 to 17 years of age at five 
suburban high schools in Nassau County, New 
York. Because of time constraints in completing 
the standardized questionnaires and performing 
pulmonary function testing, we limited the number 
of athletes sampled to no more than 45 per day. 
Boys or girls were sampled on alternate days, start¬ 
ing with boys on the first day. A structured inter¬ 
view assessing personal tobacco use, passive smok¬ 
ing exposure, and pulmonary symptoms was given 
by one of us (M.S.J.). Histories of smoking by all 
household members and peers were obtained from 
the athletes. No athlete was currently receiving 
medication, but several reported a medical diagno¬ 
sis of a pulmonary condition. Subjects were specif¬ 
ically asked about symptoms of cough, wheezing, or 
dyspnea during exercise or at rest. Data were ana¬ 
lyzed using x 2 analysis or Fisher exact test. Relative 
risk is the ratio of the prevalence of abnormal 
findings in the exposed to unexposed groups. 

After the questionnaires and standard physical 
examinations were completed, the athletes per¬ 
formed forced expiratory maneuvers on a portable 
spirometer (Devilbiss Surveyor I, Somerset, PA). 
Daily verification of calibration was done using a 
precalibrated 3-1 Devilbiss surveyor syringe. We 
measured forced vital capacity, forced expiratory 
volume in 1 second, and forced expiratory flow at 
25% to 75% of vital capacity (FEFa-Ts). Studies 
have shown that FEF^ts, which corresponds to 
expiratory flow when 25% to 75% of forced vital 
capacity is expired, is the most sensitive of the 
common spirometric indicators of small airways 
dysfunction . 21 Less than 70% of predicted FEF». TO , 
which corresponded to the lower fifth percentile in 
our study, was considered abnormal. Our intention 
was to consider the lower 5% of FEFj^ts values as 


abnormal because that level is used extensively as 
a criteria of an abnormality. All pulmonary function 
measurements were expressed as percentages of 
predicted values for age, height, weight, sex, and 
race using nomograms of Polgar and Promadhat 22 
and Knudson et al . 23 The best of three acceptable 
FEF 2 S -75 measures was used for data analysis, allow¬ 
ing a maximum of 5% difference between tests. 

RESULTS 

A total of 209 athletes were asked and agreed to 
complete the questionnaire and to undergo pulmo¬ 
nary function testing. Of these, 16 (7.7%) were 
active smokers or exsmokers and were excluded 
Three of the 16 active smokers (19% ) had abnormal 
FEFm-ts values and/or cough. Of the remaining 193 
nonsmoking athletes, 132 (68.4%) were currently 
exposed to passive smoking. The specific sources of 
passive smoke exposure are shown, in descending 
order, in Table 1 . It is evident that exposure to 
smoking parents accounted for the majority of ex¬ 
posure, but friends also provided a sizeable source 
of exposure, either alone or in combination with 
other family members. The characteristics of the 
currently exposed and unexposed groups of teenage 
athletes are given in Table 2 . The two groups were 
similar except for sex; 61% of boys were in the 
exposed group v 47% of girls (P « .04). The sample 
size was inadequate to allow grouping of exposure 
in a way that would permit evaluation of dose- 
response relationships. 

The reported frequency of respiratory conditions 
and symptoms for both groups is given in Table 3, 
The frequency of allergies, asthma, bronchitis, 
shortness of breath, and wheezing was similar in 
the exposed and unexposed athletes.Tb*frequency 


TABLE 1. Sources of Passive Smoke Exposure 


Source of Exposure 

% of Adolescents 

Mother or father 

23.5 

Mother and father 

18.2 

Mother or father and friends 

14.4 

Friends only 

11.4 

Mother, father, and siblinp 

6.8 

Siblings only 

3.0 

Other combination of above 

22.7 


TABLE 2. Characteristics of Currently Exposed and Unexposed Teenage Athlete* 


Characteristic 

Unexposed Athletes (n » 61) 

Exposed Athlete* (n • 132) 

Age (mean yr ± SD) 

15.0 ± 1.7 

14.7 ± 1.7 

Height (mean cm [in] ± SD) 

166.1 ± 10.4 

166.4 ± 10.2 


[65.4 ± 4.1) 

[65.5 ± 4.0) 

Wt (mean kg [lb] ± SD) 

59.0 ± 13.1 

60.8 ± 13.5 


[131.1 ± 29.0] 

[135.0 * 30.0] 

Race (% white) 

78.3 

88.5 

Sex (% boys) 

46.7 

60.7 
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TABLE 3, Respiratory Conditions and Symptoms by History 


Condition or Symptom 

% of Athlete* Exposed 
to Passive Smoking 

% of Athlete* Unexposed 
to Passive Smoking 

Allergies 

10.0 

15:5 

Asthma 

6.9 

6.9 

Bronchitis 

2.3 

5.2 

Shortness of breath 

5.8 

7.1 

Wheeze 

3.1 

3:4 

Cough 

7.2 

1.8 


TABLE 4. Athletes with Abnormal Forced Expiratory 
Flow 25% to 75% (FEFzj-ts) 


FEFj^rs VaJue 

% of Athlete* 

% of Athlete* 


Exposed to 

Unexpo*ed to 


Passive Smoking 

Passive Smoking 


(n - 132) 

(h - 61) 

>70% 

92.4 

96,7 

<70% 

7.6 

3.3 


of cough was four times greater in the group exposed 
fto passive smoking (P * .08). The frequency of 
abnormal FEF 2 s- 7 $ values in the exposed and unex¬ 
posed groups is shown in Table 4. Among exposed 
athletes, 7.6% had a low FEF^ts value, whereas 
among unexposed athletes, 3.3% had a low 
FEF 2 S -75 value. This was a 2.3-fold increase in fre¬ 
quency of low FEF^ts values in athletes currently 
exposed to passive smoking (P « . 21 ). 

Although cough and abnormal FEF 2 s-ts 1 values 
were each higher in frequency in the exposed than 
in the nonexposed athletes, the differences, when 
considered separately, were not statistically signif¬ 
icant. When cough and low FEF»- 7 s value were 
combined, as shown in Table 5?the percentage of 
athletes with abnormal FEF 23-75 values and/or a 
history of cough was 13.6% of the exposed subjects 
v 3.3% of the unexposed athletes, this being a 
fourfold increase in the frequency of these condi¬ 
tions in exposed athletes, which is a statistically 
^significant difference (P « .02). The association 
between exposure to passive smoking and abnormal 
FEF 25-75 value and/or cough was statistically sig¬ 
nificant for girls (P « .03). For boys, the relation¬ 
ship was consistent but not significant (P * .29) 
(Table 5). 

DISCUSSION 

The data in this study show a relationship be¬ 
tween passive smoking and early pulmonary dys¬ 
function and symptoms in young athletes. The high 
prevalence of passive smoking exposure in this 
group of athletes who had never smoked (68%) is 
comparable with other reports. 120 Earlier findings 
reported by Tager and associates, 1 * 19 although lack¬ 
ing quantitative measurements of passive smoking 
exposure, showed that cigarette smoking by parents 
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had a measurable effect on decreased pulmonary 
function in the children independent of any direct 
use of cigarettes by the children. In their longitu¬ 
dinal study, 19 they showed that the lungs of non¬ 
smoking children whose mothers smoked grew at 
only 93% of the rate of growth in nonsmoking 
children with nonsmoking mothers. In adolescence, 
peers become an increasingly important contribut¬ 
ing factor to passive smoking exposure, sometimes 
being the only source of this exposure, as it was for 
11.4% of athletes in this study. A recent study of 
the effect of passive smoking on children’s pulmo¬ 
nary function in Shanghai 2 * showed a decrease in 
pulmonary function that was related to the father’s 
cigarette smoking. All of the mothers denied smok¬ 
ing in that study, and passive smoking exposure 
from peers was not investigated, an important con¬ 
sideration because 8- to 16-year-old subjects were 
studied. Nevertheless, the Shanghai study’s finding 
that the effect of passive smoking is greater in 
school girls than boys was repeated in the present 
study. 

Charlton 13 has shown a link between parental 
smoking at home and the reporting of frequent 
coughs by children 8 to 19 years old who had never 
smoked Frequent coughs may indicate acute and 
chronic pulmonary irritation or pathology—a pos¬ 
sible result of respiratory tract damage from passive 
smoking. In this study, we notedA fourfold increase 
in report of coughs by the athletes exposed to 
passive smoking. Charlton, surveying 15,709 ath¬ 
letes, showed a dose-response effect of parental 
smoking on cough, with increasing likelihood of 
cough being reported depending on whether none, 
one, or both parents smoked 

When the same investigators question and test 
subjects, the possibility of interview bias is raised. 
In this study, the investigators who performed the 
pulmonary function testing were blinded to ques¬ 
tionnaire results. Another possible source of bias is 
in the child’s report of parental smoking The va¬ 
lidity of the self-report method has been verified by 
Jarvis and associates, 25 who used salivary cotinine 
levels as a biologic marker of passive smoke expo¬ 
sure in children. Cotinine, a major metabolite of 
nicotine that is specific to tobacco smoke, appears 
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TABLE 5, Athletes With Abnormal Forced Expiratory Flow 25% to 75% (FEFm-ts) or Cough by Exposure to Passive 
Smoking _ 


FEF*~ 7 t Value 

Both Sexes* 

Girlst 


Boy*t ! 


Exposed 

Unerpoeed 

Exposed Unexposed 

Exposed 

Unexposed 

>70% without cough 

114 

59 

45 32 

69 

26 

<70% or cough 

18 

2 

7 0 

11 

2 


• FEF <70% or cough among exposed (13,6%) v unexposed (3.3%); relative risk * 4.1, P m .02. 
tP- .03. 
t P - .29. 


to be the marker of choice for quantifying passive 
exposure to cigarette smoke. 26 * 27 Jarvis et al found 
that average concentrations of cotinine in saliva 
increased in a dose-related fashion; the more 
sources of exposure the child reported, the higher 
the level of cotinine in his or her saliva. 

CONCLUSION 

Our study results are consistent with previous 
studies showing a relationship between^passive 
smoking and increased frequency of cough and de* 
creased pulmonary function^ with girls showing a 
stronger effect than boys. In addition, among ado¬ 
lescent athletes we found a high prevalence of pas¬ 
sive smoke exposure, especially among boys, and a 
substantial exposure to peers who smoke. Our group 
of overall healthy, athletic teenagers, a groupie 
would least expect to show manifestations frbm 
passive smoking, showed clear evidence of its ef¬ 
fects. 

As stated in the 1986 American Academy of 
Pediatrics statement on the hazards of involuntary 
smoking in children, 26 there is an urgent need for 
immediate action to reduce passive smoking in chil¬ 
dren. Pediatricians should be aware of the extent 
(of exposure in their patients, the harmful effects, 
and the need to consider passive smoking in the 
differential diagnosis' of chronic de¬ 

creased pulmonary function in adol es cents. 
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ANOREXIA NERVOSA—SIGNS TO WATCH FOR 


Dr. Paul Garfinkel, a psychiatrist with Toronto General Hospital, estimates 
that severe anorexia nervosa is prevalent in about 1 percent of the female 
population and mild to moderate anorexia nervosa in about 2 to 3 percent of 
Americans. The prevalence of bulimia, another eating disorder, is about 10 
percent. Garfinkel has listed several early warning signs that should alert 
physicians to the possibility of anorexia nervosa. These include: 

Changing weight goals—“A young woman who reaches her weight-loss goal 
and immediately sets a subsequent goal could be a prime candidate for anorexia 
nervosa,” Garfinkel says. 

Dieting in isolation— Most dieters want to be with other dieters; isolated 
dieting should be regarded warily. 

Dieting and increasing criticism— Most dieters are delighted when they have 
lost weight. A successful dieter who remains self-critical should be watched, 
says Garfinkel. 

Amenorrhea —The cessation of menses is an early warning sign of anorexia 
nervosa. 

Physicians who see these signs in patients should provide “common-sense” 
advice and counseling. Also, says Garfinkel, physicians might “avoid doing 
harm” by not prescribing dieting in patients they think may be at risk for 
anorexia nervosa. 

Submitted by Alcohol, Drug Abuse, and Mental Health Administration 


From Alcohol Drug Abuse, and Mental Health Administration Hews. 
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Gold, D.R., Tager, I.B., Weiss, S.T., Tosteson, T.D., Speizer, 
F.E. "Acute Lower Respiratory Illness in Childhood as a Predictor 
of Lung Function and Chronic Respiratory Symptoms" American Review 
of Respiratory Disease 140: 877-884, 1989. 

SUMMARY: This study investigated the relationship of acute lower 
respiratory illness (LRI) to level and change in level of forced 
expiratory volumes in a cohort of 801 children, followed 
longitudinally for a maximum of 13 yr. The co-occurrence of 
respiratory illness before 2 yr of age and two or more LRI during 
a single surveillance year was associated with a 20.3% lower mean 
cross-sectional level of FEF25-75, and with reduced longitudinal 
change in level of FEF2 5-75. The effect of LRI on lung function 
was uniformly stronger for boys than for girls. Of the children 
with illness before 2 yr of age and two or more LRI, six of 14 
were male asthmatics with mean levels of FEF25—75 that were lower 
than those of other asthmatic children. Pneumonia and/or 
hospitalization for respiratory illnes prior to the onset of study 
were associated with lower cross-sectional levels of forced 
expiratory volumes at entry to the study, even when 
asthmatics/persistent wheezers were eliminated from the analysis 
(6.1% lower level of FEV1 for a nonasthmatic boy with previous 
hospitalization versus a nonasthmatic boy without hospitalization). 
Ini the longitudinal analysis, pneumonia and/or hospitalization 
were associated with slower increase in level of forced expiratory 
volumes, even after adjusting for "ever diagnosis of asthma/current 
any wheeze" (starting at the same level, after eight years a boy 
with hospitalization would develop a 5.0% lower FEV1 than a boy 
without hospitalization). Acute LRI also was evaluated as a 
predictor of chronic respiratory symptoms. A strong association 
was found between previous hopitalization and subsequent chronic 
cough (Odds Ratio [0R]= 3.8)/chronic phlegm (0R= 7.1) at entry to 
the study; eight years later, smoking was the only significant 
predictor of these symptoms, and no hospitalized child had taken 
up smoking. Future studies may enable us to explore interactions 
between severe respiratory illness in early childhood and the effect 
of cigarette smoke or indoor/outdoor air pollution. 
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Introduction 

Acute lower respiratory illness (LRI) in 
early childhood has been proposed as a 
risk factor, independent of the effect of 
cigarette smoke, for lower level and slow¬ 
er growth of lung function in later child¬ 
hood and for faster decline of lung func¬ 
tion in adulthood (1,2), Because wheeze 
is often a manifestation of an acute LRI 
in childhood whether or not a child has 
asthma, separation of the effects of asth¬ 
ma and other acute respiratory illnesses 
(infections) on level and growth of lting 
function in children is complicated. Asth* 
ma or bronchial responsiveness may al¬ 
ter level and change in level of lung func¬ 
tion or predispose to increased severity 
of LRI, and may account for the associ¬ 
ation of LRI with alterations in lung 
function development. Severe infection 
in early childhood may, on> the other 
hand; alter the course of asthma or pre¬ 
dispose towards bronchial responsiveness 
and its subsequent effects on lung 
function: 

As part of a longitudinal, population- 
based study of early-life risk predictors 
for chronic obstructive lung disease in 
adult life, the relationship between lung 
function and several measures of acute 
LRI in childhood was investigated. The 
results suggest that in the population 
studied, only the more severe acute LRI, 
particularly those requiring hospitaliza¬ 
tion, may be associated independently 
with subsequent lower level and slower 
growth of lung function in children. 

Methods 

The details of the initial selection and screen¬ 
ing of the population have been published pre¬ 
viously (3-5). A 34^i random sample was 
selected from all children 4 to 10 yr of age 
in the public and parochial schools of East 
Boston, Massachusetts, as of September 1974. 
Between January and June 1975, interview¬ 
ers visited the households of the index chil¬ 
dren who had been selected. They enumerat¬ 
ed all residents of the households, and these 
residents, plus the index children, constitut¬ 
ed the initial study population: AH available 
members of the cohort have been screened 


on an annual basis since 1975, except for the 
second and third screenings, which were limit¬ 
ed to the index children as pan of a special 
study to assess prospectively their acute re¬ 
spiratory illness experience. 

Standardized questionnaires were used to 
obtain baseline histories of respiratory symp¬ 
toms and illnesses, as well as smoking histo¬ 
ries and demographic data. Parents answered 
the questionnaire for children 10 yr of age 
and younger, except those questions that per¬ 
tained to the child's smoking history; all others 
answered for themselves. 

The acute respiratory illness experience for 
the index children in the 5- to 11-yr-old cate¬ 
gory as of September 1975 was then assessed 
prospectively over a 2-yr period (6). Parents 
of the children were contacted by telephone 
every 2 wk (except in July and August) from 
September 1975 through June 1977; a brief 
questionnaire about illness symptoms was ad¬ 
ministered. Children who experienced one or 
more selected respiratory symptoms for two 
days or more in the previous 2 wk were visit¬ 
ed in their homes, and a more detailed histo¬ 
ry of their respiratory symptoms was obtained 
by an interviewer-administered questionnaire. 
Acute lower respiratory illness was defined 
as acute symptoms of phlegm from the chest 
or pleuritic chest pain with or without wheeze 
that lasted 48 h or more. Wheeze alone was 


not considered an adequate criterion for an 
acute LRIl 

Subjects performed forced vital capacity 
(FVC) maneuvers annually with the use of 
an 8-L water-filled, portable recording spi¬ 
rometer (Survey Spirometer Warren Collins, 
Braintree, MA) while in the sitting position 
and without the use of a noseclip. The maxi¬ 
mum value for each measure of lung func- 
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tion was obtained from vaJues derived from 
five acceptable tracings. Standard criteria for 
curve acceptability and flow measurements 
were used. All lung function measurements 
were corrected to btps and were convened in¬ 
to percent' predicted values with the nomo¬ 
grams of Dickman and coworkers (7). 

Data Analysis 

Six measures of acute lower respiratory ill¬ 
ness were considered as predictors of level and 
change in level of the maximum FEV,, FVC, 
and FEFj 5 -t»: (/) Acute LRI at Study Year 2, 
(2) Acute respiratory illness before 2 yT of age, 
defined as a parent’s reponing that the child 
had had croup, bronchiolitis, bronchitis, or 
pneumonia, (5) Acute respiratory illhess be¬ 
fore age 2 yr combined with acute LRI at 
Study Year 2, (4) Pneumonia prior to entry 
into the study, as reported by the parent, (5) 
Hospitalization for respiratory illness prior 
to entry into the study, as reported by the par¬ 
ent, and:(5) Pneumonia and hospitalization 
for respiratory illness prior to entry into the 
study. 

For each of the measures of LRI experience, 
mean percent predicted King function levels 
were plotted by examination year as an ini¬ 
tial exploration of possible differences in level 
of lung function between groups with and 
without respiratory illness exposure. Standard 
methods of multiple linear regression were 
then applied to assess measures of prestudy 
LRI experience (illness before 2 yr of age, 
pneumonia, or hospitalization), as predictors 
of level of lung function at entry to the study. 
Acute LRI experience reported during Study 
Year 2 was considered as a predictor of level 
of lung function in the subsequent year. Cross- 
sectional multiple linear analyses were adjust¬ 
ed for maternal smoking, but not for personal 
smoking, because there were no subjects with 
adequate data for the analyses who smoked 
in the years under consideration (Study Years 
1 to 3); Pulmonary function and height were 
expressed in natural logarithms in cross-sec¬ 
tional analyses to stabilize the variance of the 
residual! Because in the cross-sectional anal¬ 
yses lung function was expressed in natural 
logarithms, the partial regression coefficients 
or “parameter estimates” express the adjust¬ 
ed logarithmic difference in lung function be¬ 
tween those exposed and those not exposed 
to a particular covariate. Thus, the “parame¬ 
ter estimates” express the adjusted ratio of 
lung function of those exposed to those un¬ 
exposed to a particular covariate. 

The association between each of the six 
measures of acute lower respiratory illness ex¬ 
perience and change in level of lung function, 
measured over a maximum of 13 yr^ was as¬ 
sessed with a Markov-type autoregressive 
model! Details of the autoregressive model 
and its application to assessment of change 
in lung function of children have been previ¬ 
ously published (5* 8). Level of lung function 
(FEV,, FEF 2i -n, or FVC) at any given sur¬ 
vey was considered as a function of mean level 
of lung function at the previous survey, age 


in years at the current survey, sex, height, 
change in height over 1-yr intervals, an inter¬ 
action between height and age; and an inter¬ 
action between sex and age. For the purposes 
of presentation of results of longitudinal 
models, these factors are called “growth fac¬ 
tors.” Level of lung function also was consid¬ 
ered as a function of personal smoking status 
and mother’s smoking status at the previous 
survey. For each child, only pairs of data 
spaced one year apart were used. While this 
approach to longitudinal data analysis is con¬ 
sidered relative* y efficient, it does result in non- 
utilization of non-equidistant data points. 
Continuous variables, other than the depen¬ 
dent variable, were centered around their me¬ 
dian values. As in the cross-sectional analy¬ 
ses, pulmonary function and height were ex¬ 
pressed as natural logarithms. The “parameter 
estimates” in the longitudinal models, when 
exponentiated, made it possible to project the 
adjusted ratio of lung function of an exposed 
subject to the lung function of a subject un¬ 
exposed to a particular covariate, after a giv¬ 
en period of time, assuming that the subjects 
started at the same level of function (5, 7) 
(see table 3 for a specific example). 

Examination of the distribution of residu¬ 
als (observed-predicted values) was used to 
assess the goodness of fit of the model in re¬ 
lation to height; age, and previous level of 
lung function. The stability of the parameter 
estimate of interest was assessed by an exami¬ 
nation of the distribution of parameter esti¬ 
mates obtained by multiple fittings of the 
model: Each time the model was fit, all the 
data points from one subject were eliminated. 

Separate analyses were performed to assess 
whether any of the six measures of acute lower 
respiratory illness experience had an effect on 
change in level of lung function independent 
of the effect of these other variables that had 
been previously established to effect change 
in level of lung function (5, 9, 10). Analyses 
were performed with and without children 
with doctor’s diagnosis of asthma or mother’s 
report of child’s persistent wheeze at entry 
to the study; also with and without adjust¬ 
ment for “ever diagnosis of asthma,” if there 
was a current report of any wheeze. To exam¬ 
ine whether there were sex-specific effects of 
acute LRI on lung function, sex-stratified 
models also were examined. 

Although analyses that assessed change in 
ievtl of lung function are based on a maxi¬ 
mum of 13 yr of data, the percent of the SOU 
children lost to follow-up increased consider¬ 
ably after Study Year 8 (up to Year 8 loss to 
follow-up averaged less than 3% per yr; for 
Years 8 to 12, loss to follOw-up averaged 13 % 
per yr). The number of boys with a history 
of hospitalization who continued to partici¬ 
pate in the study was stable from Years 1 
through 9. Over the subsequent four-year peri¬ 
od, there was a 64% drop in participation of 
this subgroup from 25 to 9 boys. The auto¬ 
regressive model, therefore, cannot be used 
with confidence to project beyond eight years 
what the differences in longitudinal change 


in level of lung function would be for two 
hypothetical children with and without early 
childhood acute LRI exposures. 

Acute lower respiratory illness experience 
as a predictor of subsequent respiratory ill¬ 
ness and symptoms also was evaluated. Hos¬ 
pitalization for respiratory illness pnor to en¬ 
try to the study was examined as a predictor 
of respiratory symptoms at entry to the study 
(t), at t> + 5 yr, and at t + 8 yr: These time 
intervals were selected because beyond eight 
years sufficient data on symptoms were un¬ 
available for the reason specified above. 

For this analysis, persistent wheeze was de¬ 
fined as wheeze occurring most days or nights. 
Chronic cough was defined as cough on most 
days for as much as three months of the year; 
chronic phlegm as phlegm, sputum, or mu¬ 
cus from the chest on most days for as many 
as three months of the year. “Debilitating chest 
illness” was defined as chest illness that kept 
a child from his/her usual activities for as 
much as three days in a week. 

Results 

Characteristics of the Cohort 
There were 421 index children and 380 
siblings for a total of 801 children avail¬ 
able for analysis. Analyses that assessed 
LRI in Study Year 2 as a predictor used 
only the subset of index children with ac¬ 
ceptable data; all other analyses includ¬ 
ed the siblings. NO systematic differences 
were seen between the children included 
versus those excluded from the various 
analyses because of missing data on one 
or another of the variables. Of the 801 
index children and their siblings, 22.3% 
had had illness before age 2 yi, 13.5% 
had had pneumonia, and 8.6% had been 
hospitalized for respiratory illness prior 
to study onset. Of the index children 
studied during Year 2,14.2% had two or 
more LRI during that year; 

The indicators of LRI were correlated 
with each other and with a history of 
asthma and persistent wheeze. LRI at 
Study Year 2 was associated with illness 
before age 2 yr (OR ** 2.0; 95% Confi¬ 
dence Interval [Cl] * 1.0-4.3) and pneu¬ 
monia (OR = 2.1; 95% Cl - 0.9-4.8). 
Of the 421 index children, 7 of 29 (24.1%) 
children with a history of hospitalization 
for acute respiratory illness prior to en¬ 
try to the study had > 2 LRI, whereas 
43 of 320 (13.4%) of those not hospital¬ 
ized had > 2 LRI. 

Those children with a history of hos¬ 
pitalization prior to entry into the study 
(n * 69) were more likely to have had 
pneumonia (OR = 12.5; 95% Cl = 7.0^ 
22.3) and illness before age 2 yr (OR = 
7.7; 95% Cl = 4.2-14 J) that children who 
had not been hospitalized. They were also 
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more likely to have entered the study with 
a doctor’s diagnosis of asthma (OR = 
9.9; 95% Cl = 5.0-19.3). At entry into 
the study, 55% of the children with a his¬ 
tory of hospitalization had pneumonia; 
75.4% had illness before age 2 yr, and 
30.4% had a doctor’s diagnosis of asth¬ 
ma. In contrast, the prevalence of asth¬ 
ma in the nonhospitalized population 
was 4.2%. Eight years after entry to the 
study, of the children previously hospital¬ 
ized, 35.5% had ever had a diagnosis of 
asthma, as compared to 10.7% of the 
children not hospitalized prior to entry 
to the study (OR - 4.6; 95% Cl = 
1.9-10.9). 

Acute LRI as a Predictor of 
Lung Function 

Cross-sectional level of FEV, at Study 
Year 3 was not lower for children with 

> 2 LRI during Study Year 2, after ad¬ 
justment' for the effects of age, height, 
sex, and maternal smoking (parameter 
estimate for LRI = -0.0211, p = 0.38). 
Among the children without asthma or 
persistent wheeze, there was also no as¬ 
sociation between level of FEF 2S -7s and 

> 2 LRI, although an association was 
suggested when the asthmatic children 
were included in the analysis (parameter 
estimate for LRI = -0.0903, p = 0-054). 

An association was noted between low¬ 
er cross-sectional level of FEF^-ts and 
having had both illness before age 2 yr 
and > 2 LRI at Study Year 2. Of the 14 
children with this repeated LRI experi¬ 
ence, only three had an FEF 23 -73 greater 
than 75% predicted at entry to the study. 
Only two of the children were girls; 12 
(85%) were boys, six of whom had ei¬ 
ther a doctor’s diagnosis of asthma or 


persistent wheeze on initial examination 
(table 1). For the boys, mean cross- 
sectional percent predicted levels of 
FEF 25 - 7 s were low both at entry to the 
study and for each of the subsequent 12 
examination periods (figure 1). The sub¬ 
group of six boys with asthma or persis¬ 
tent wheeze who had both illness before 
age 2 yr and > 2 LRI also maintained 
mean levels of percent predicted FEF 25 - 7 i 
that were persistently lower than all other 
boys who at entry had asthma/persistent 
wheeze without the same history of LRI 
(n = 17 at Study Year 3; yearly data for 
mean FEF 2 s- 75 by subgroup not shown). 

Adjusting for age, height, sex, and ma¬ 
ternal smoking, the mean cross-sectional 
level of FEF 25 - 7 , at Study Year 3 was 
20.3% lower (p = 0.003) for the children 
with both illness before 2 yr of age and 

> 2 LRI (n » li for those with suffi¬ 
cient data on all variables), than for all 
other children, and remained lower after 
adjusting additionally for asthma/per¬ 
sistent wheeze; Although differences were 
not significant, children with both illness 
before 2 yr of age and > 2 LRI also tend¬ 
ed to have a higher FVC than other chil¬ 
dren. At Study Year 3, children with ill¬ 
ness before age 2 yr but without > 2 LRI 
at Study Year 2 (n = 28) had adjusted 
cross-sectional levels of FEF 2 ,- 7 s similar 
to the levels of the children with no low¬ 
er respiratory illness experience (n = 172) 
and the levels of the children with only 

> 2 LRI but no illhess before 2 yr of age 
(n = 20). In the longitudinal analysis, 
no association was found between > 2 
LRI at Study Year 2 and slower increase 
in level of FEV, or FEF 25 - 7S (parameter 
estimate of LRI = 0.0034, p = 0.48; and 
-0.0044, p = 0.63 for FEV, and 


TABLE 1 

RELATIONSHIP BETWEEN ILLNESS BEFORE 2 YR OF AGE AND LOWER 
RESPIRATORY ILLNESS AT STUDY YEAR 2. STRATIFIED BY 
ASTHMA OR PERSISTENT WHEEZE AND BY SEX 
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FEF„- n , respectively), after adjustment 
for previous leveliof lung function; sex, 
age, height, their interactions, and smok¬ 
ing. These conclusions did not change 
if the longitudinal analyses were restrict¬ 
ed to observations for children younger 
than 12 yr of age. 

The increase in level of FEF 2S . 7J was 
slower (parameter estimate = -0.0509, 
p = 0.006) for the children with both ilb 
ness before 2 yr of age and > 2 LRI at 
Study Year 2, compared to the rest of the 
population; this association remained 
significant even after additional adjust¬ 
ment for “ever diagnosis of asthma and 
current any wheeze” and after restriction 
of the analysis to the boys alone. The in¬ 
crease in level of FVC, on the other hand, 
was significantly faster for the children 
with both illness before 2 yr of age and 
> 2 LRI (parameter estimate = 0.0262, 
p = 0:011); this association also remained 
significant after additional adjustment 
for “ever diagnosis of asthma and cur¬ 
rent any wheeze.” 

Illness before 2 yr of age, pneumonia 
prior to entry into the study, and hospi¬ 
talization prior to entry into the study 
were evaluated as predictors of cross-sec¬ 
tional level and longitudinal increase in 
level of lung function for the entire co¬ 
hort of 801 children. Mean cross-sectional 
levels of percent predicted FEF 23 - 7 5 for 
boys (not girls) with illness before 2 yr 
of age tended to be lower throughout the 
13 years of the study (figure 2). Mean lev¬ 
els of percent predicted FEV, for those 
boys (not girls) with illness before 2 yr 
of age were lower only in the first two 
examination years. Significant associa¬ 
tions were found between illness before 
2 yr of age and lower cross-sectional ad¬ 
justed levels of FEV, and FEFjj- 7S on en¬ 
try to the study only when children with 
asthma/persistent wheeze were included 
in the cross-sectional analyses (parame¬ 
ter estimate for FEF m - 7 *, including chil¬ 
dren with asthma/persistent wheeze » 
-0.06791, p * 0.05; parameter estimate 
excluding them =* —0.0468, p = 0.16). 
Stratification by sex did not strengthen 
the associations of interest for the non¬ 
asthmatic children. Illness before 2 yr of 
age was not a significant predictor of lon¬ 
gitudinal increase in level of FEV,, FVC, 
or FEF 2a - 7 $, after adjustment for growth 
factors and smoking. 

Of the children with asthma/persistent 
wheeze, a similar influence was found in 
relation to the cross-sectional association 
between pneumonia and a lower lung 
function level at entry to the study. Pneu¬ 
monia was significant as a predictor of 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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EXAMINATION NUMBER 

Fig. 1. Msan percent predicted FEV, and FEF»- n at MCti annual examination {1 to 13) in index boys (n - 244) classified according to acuta respiratory illness experience. 
Triangles - boys with both illness before 2 yr of age and also > 1 tower respiratory illnesses at Study Meet 2. Squares • ail other boys (those without both iNness before 
2 yr of age and also > 2 kMer respiratory itfneeeee at Study Year 2). The arteriefcs represe n t pairs of values ± 1 SE that do not overlap. 
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Fig. 2. M*an pafeam pradictad FEV( and FEF,^^, M aach annual axamlnallon (1 to 13) to boy* (n - 422 and toduda* ind*> boy* and mala aibltog*) elaaaifiad according 
to presence or absence of history of Wheat bitocs 2 yr of aga (bronchitis, bronchiolHia, croup or pneumonia)- Thanglea - boys with mneta betore 2 yr of age; squares 
- boys without Mines* before 2 yr of age. The asterisks represent pairs of values ± 1 SE that do not overlapL 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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TABLE 2 

REGRESSION EQUATIONS RELATING LEVEL OF LUNG FUNCTION'TO HOSPITALIZATION 
FOR RESPIRATORY ILLNESS BEFORE ENTRY TO STUDY. AFTER ADJUSTMENT 
FOR AGE, HEIGHT. SEX. AND MATERNAL SMOKING 


Dapandent 

Variables 

In FEV, 

a) 

R-square - 0.60 

»" PEF l# . n , 

(L/a) 

R**quar# • 0.14 

Ragrasaon 

Coafftciant 

Standard 

Error 

p Vaiua 

Ragra*aion 

Coafhoant 

Standard 

Error 

p VaJOa 

tolarcafpt 

-6.1345 

04062 

0.0001 

-4 5511 

0.9386 

0 0001 

Aga at antry. yr 

0.0364 

0.0064 

0.0001 

0.0208 

00147 

0 1581 

Lung hatght at antry. inctSas 

1.6234 

0 1117 

0.0001 

1 3022 

0.2581 

0.0001 

Sax at antry (1 - mala) 

-0.0622 

0.0128 

0.0001 

-0.0054 

0 0295 

0.8545 

Matarnaf smoking (1 - currant) 

-0.0149 

0.0130 

0.2548 

-0.0788 

0 0302 

0.0114 

Hospitalization (1 - yas) 

-00654 

00226 

0 0040 

-00962 

0.0522 

0 0662 


entry level of FEV, (parameter estimate 
= -0.0439* p = 0.02) in a regression 
modelithat included all children and ad¬ 
justed for age, sex, height, and maternal 
smoking. In a sex-stratified model, a his¬ 
tory of pneumonia was a significant 
predictor of lower level of FEV, for boys 
(parameter estimate = -0.0614, p = 
0.018), but not for girls (parameter esti¬ 
mate = -0.0248, p = 0.38). When chil¬ 
dren with asthma/persistent w heeze were 
excluded from the models, there was a 
reduction in the strength of the associa¬ 
tion between pneumonia and lower ini¬ 
tial level of FEV, for the entire cohort 
(parameter estimate - -0.0350, p = 
0.10), and for toys alone (parameter es¬ 
timate = -0.0440, p = 0.12). 

In the longitudinal analysis, there was 
a significant association between a his¬ 
tory of pneumonia and a slower rate of 
increase in level of FEF 2S - n for boys, but 
not for girls. This association for boys 
remained after additional adj ustment for 
“ever diagnosis of asthma/current any 
wheeze” (parameter estimate for pneu¬ 
monia * -0.0252, p = 0.02). 

Hospitalization for respiratory illness 
prior to entry to the study was the strong¬ 
est predictor of cross-sectional level of 


lung function, independent of the in¬ 
fluence of a history of asthma or persis¬ 
tent wheeze. Sex stratification demon¬ 
strated that a consistent pattern of lower 
mean percent predicted FEF 3S - ?5 was 
present for boys with a history of hospi¬ 
talization (figure 3), but not for girls (fig¬ 
ure not shown). In the first nine years 
of the study, boys with a history of hos¬ 
pitalization, but not girls, tended to have 
a lower mean percent predicted FEV,. 

At entry to the study, a history of hos¬ 
pitalization was associated with a level 


of FEV, that was lower than for children 
without a history of hospitalization (pa¬ 
rameter estimate = -0.0654, p = 0.004) 
(table 2) and remained significant after 
removing the children with asthma or 
persistent wheeze from the analysis (pa¬ 
rameter estimate = -0.0626, p- 0.025 )l 
L evel of FEF«-tj (table 2) and FVC ad¬ 
justed for age, height, and sex, also tend¬ 
ed to be lower among the hospitalized 
children, although not significantly so, 
particularly after exclusion of the chil L 
dren with asthma/persistent wheeze. 
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Fig. a Maanpafcant pradickadFEV, and FEF„. n at aach annual txaminatton (1 to 13) rn boy* (rt - 422) ctiaaifiad according to praaanca or abaanca of history of hoapitaiiza- 
two tor raapiratofy itfnats prior to antry to study. Tnangl** - boy* with twatory of hoaprtalizatiofi; aquara* ■ boy* without hwlory of hoaprtMizabon . Tha astantki rapraaant 
Put of valua* ± 1 SE that do not ewartap. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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TABLE 3 

PARTIAL REGRESSION COEFFICIENTS REFLECTING RELATIONSHIPS BETWEEN CHANGES 
IN LEVEL OF LUNG FUNCTION OVER TIME AND OTHER COVARIATES*t 


Dependent 

Venables 


In FEV, 

(L) 


In FEF n ,„ 

U*) 


Regression 

Coefficient 

Standard 

Error 

p Value 

Regression 

Coefficient 

Standard 

Error 

p Value 

Previous lever of Ih lung function 

0.7341 

0.0104 

0.0001 

Q 7188 

00107 

0 0001 

Matamai smokvtg (1 » current) 

-0.0065 

0.0029 

0.0187 

-0 0223 

0 0054 

0 0001 

Personal smoking (f - current) 

-0.0102 

0.0007 

0 1207 

-0 0230 

0.0127 

0 0712 

Hospitalization () - yes) 

-0.0104 

0 0053 

0.0503 

- 0.0359 

00104 

0 0006 


* Aft*r adjustment tor pttviou* WvW of Jung function. * 9 *. mi. h**ght, ag**cft*ng» in rt*«grrt, wk **x * r**^ht 

* Using m* equation from. Ro*n*f and ca#**go** ( 8 ),; 


E(yi.u^ry,;u«-rt > &A(V-ry<1-T). 

th* estimate of tf>* ntiaof.tr>* FEV, of tt>* ho*cnt*hi*<J chad to tt>* FEV, of th* nonho*prtata*d ch*j after on* yr m *xp {- 0.010*} 
- 99 OH Th* FEF^^ofm*he*prtNi2*dcft<*dtott>*FEF^^of th* r>of>ho*prtMi2*dcf»»« *ft*toft*yr***p(i-0 0369) - 98.5%. 
Th*s* short-t*mv projections a*som* that th* ct>*»r*n start at th* sam* lev* of lung function and show th* sam* growth in hw*>t 
0 **r th* 1*yr p*nod. 


In sex-stratified models, the associa¬ 
tions between hospitalization and lower 
cross-sectional level !of lung function, as 
described in the previous paragraph, were 
seen for boys but not for girls. Of the 
69 children with a history of hospitaliza¬ 
tion at entry to the study, 60.9% were 
boys; there was a more equal proportion 
of boys and girls among those not 
hospitalized (table 4). 

In the longitudinal analysis, after ad¬ 
justment for “growth factors” and smok¬ 
ing, hospitalization was a significant 
predictor of change in level both of FEVi 
(parameter estimate = -0.0104, p = 
0.05) and FEFis-?* (parameter estimate 
= -0.0359, p « 0:0006) (table 3), but 
not change in level of FVC. After addi¬ 
tional adjustment for “ever diagnosis of 
asthma and current any wheeze,” the as¬ 
sociation between a history of hospital¬ 
ization and slower increase in forced ex¬ 
piratory volume remained significant. In 
a sex-stratified model* the association be¬ 
tween hospitalization and slower increase 
in level of both FE V t (parameter estimate 
= -0.0134, p = 0.05) and FEF^-y* (pa¬ 
rameter estimate - - 0.0373, p * 0.004) 
remained significant for boys but not for 
girls, even after adjustment for “ever 
diagnosis of asthma and current any 
wheeze.” 

The smaller subgroup of children with 
both a history of hospitalization and a 
history of pneumonia prior to entry to 
the study (n = 17) was compared to the 
rest of the population. In the longitudi¬ 
nal analysis, the children had slower in¬ 
crease in level of FEF«- Tf than the rest 
of the population after adjustment for 
“growth factors,” smoking, and “ever 
asthma and current any wheeze” (param¬ 


eter estimate for hospitalization and 
pneumonia = -0,0308, p = 0.03): In 
contrast to results for the larger group 
of children with a history of hospitaliza¬ 
tion, this negative association remained 
significant even after eliminating those 
with asthma/persistent wheeze at entry 
to the study. 


Acute Lower Respiratory Illness 
as a Predictor of Subsequent 
Respiratory Symptoms 

At entry to the study, when compared 
with children with no history of hospi¬ 
talization for respiratory illness, children 
with a history of hospitalization had a 
higher prevalence of “any wheeze” (OR 
= 4.3; 95% Cl = 2.4-7.5), persistent 
wheeze (OR = 5.3; 95% Cl = 2.8-10.0), 
chronic cough (OR = 3.8; 95% Cl = 
2.0-7.2), and chronic phlfegm (OR = 7.1; 
95%Cl = 2.8-18.2) (table 4). Over an 
eight-year period of follow-up, although 
the subjects with a history of previous 
hospitalization maintained a higher prev¬ 
alence of “any wheeze,” they had a steep 
reduction in the prevalence of symptoms 
of persistent wheeze, chronic cough, and 
chronic phlegm (table 4). The nonhospi- 
talized group, on the other handi devel^ 
oped an increasing prevalence of chron¬ 
ic cough and phlegm, predominantly 
among the smokers. Of those nonhospi- 
t&iized children, smokers had 2.9 times_ 
as much chronic^cough (95% Cl » 
and 10.9 time$M much chronic phlegm 
(95% Cl = 2.4-39.4) as the nonsmokers 


TABLE 4 


COMPARISON OF CHILDREN WITH AND WITHOUT HISTORY OF HOSPITALIZATION 
FOR RESPIRATORY ILLNESS PRIOR TO ENTRY TO THE STUDY 



Entry Year (t) 


t + 5 

1 

[ + 8 

Hospitalized 

Yes 

No 

Yes 

No 

Yes 

No 

Number 

89 

731 

40 

546 

31 

460 

Age (mean) 

Sex 

6.7 

6.9 

11.7 

ITS 

14.5 

14.7 

Male, % 

80.9 

52.0 

75.0 

51 5 

742 

50.0 

Female. % 

39.1 

46.0 

25.0 

48 5 

256 

495 

Doctor's diagnosis of asthma at entry, % 

304 

4.2 

325 

4.4 

29 0 

52 

Ever asthma, H 

30.4 

4.2 

37.5 

6.2 

355 

10.7 

Persistent wheeze, % 

27.5 

6.7 

2.5 

07 

0.0 

0.9 

Any wheeze, % 

69.6 

30.5 

35.0 

9.5 

29 0 

14 8 

Chronic cough, H 

24.8 

7.9 

0.0 

1.5 

0.0 

44 

Chronic phlegm, % 

13.0 

2.1 

0.0 

0.002 

0,0 

20 

Bouts of cough/phtegm > iwfc, H 

56.5 

28.0 

1.0 

5J 

97 

11.5 

Debilitating cheat Mnees in past yr. H 

00.9 

266 

1.0 

27 

6.5 

4 1 

Pnsumonia before entry, % 

55.1 

9.4 

47.5 

10.0 

54.6 

10.0 

Mnees before age 2 yr, % 

75.4 

28.3 

70.0 

31 l0 

77.4 

30.5 

Maternal smoking, H 

56.5 

56.0 

66 0 

55 3 

546 

51.9 

Personal smoking, H 

FEV, 

0.0 

0.0 

0.0 

3.1 

00 

16.5 

mwmn w prv9Ct9Q 

ter nonwheexers, nonsmokers* 

for smokers* 

110.3 

114.6 

100.7 

107 0 

102.0 
104.3 
(n - 20) 

106.4 
107 0 
(n - 282) 
106.4 
(n - 56) 

Mean % predicted 
lor nonwheexers, nonsmokers * 

for smokers* 

838 

91.1 

86 2 

96 1 

864 

90.2 

<n - ») 

96.1 
1X5 
(n - 282) 
92.0 
(n - 56) 


* Th* number of chidr*n in ft*** casegon** to *m*»*r than th* low number of chrtcWsn tor whom dtta • 

becauss (hart w» tower cN*dr*n who lute—sfu»y performed th* trad axpniory mnNWi. 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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(table 4). The previously hospitalized and 
nonhospitalized nonsmokers had a simi¬ 
larly low prevalence of chronic respira¬ 
tory symptoms. Of note, 16.6070 of the 
nonhospitalized children who were sur¬ 
veyed eight years after entry to the study 
had taken up smoking, whereas none of 
the hospitalized children had done so. 


Discussion 

For nonasthmatic children; report of 
pneumonia or hospitalization prior to 
this study were the strongest predictors 
of subsequent reduced level and growth 
of lung function. Many of the children 
with a history of LRI both in infancy and 
at school age had asthma or persistent 
wheeze by the time they entered the study 
Children with £ 2 LRI in Study Year 2 
did not have preexisting or subsequent 
lower level of lung function unless they 
also had a history of LRI before 2 yr of 
age. These data are consistent with the 
hypothesis that events in the prenatal 
period and in infancy may be more im¬ 
portant determinants of lung function in 
later childhood than events in the school- 
age period. 

To understand the detailed implica¬ 
tions of the study, several of its limita¬ 
tions need to be addressed. Martinez and 
colleagues (11) have suggested that some 
infants have preexisting diminished puL 
monary function that puts them at great¬ 
er risk for acute wheezing LRI. In their 
study, preexisting diminished lung func¬ 
tion was not a risk factor for LRI with¬ 
out wheeze. Our study design does not 
allow us to determine whether low lung 
function preceded LRI in infancy, or 
whether LRI in infancy preceded low 
liing function. Nor does it allow us to 
determine the role of wheeze in predict¬ 
ing the relationship between LRI and 
lung function in infancy. Our study was 
designed to examine the effect of LRI 
in the school-age years on subsequent 
lung function in asthmatic and nonasth¬ 
matic children. Although it has detailed 
prospective data on 5- to 11-yr-olds, it 
suffers from the potential for recall bias 
relating to early childhood illnesses. In 
this study we were unable to validate the 
reporting of hospitalization. It is unlike¬ 
ly, however, that parents would selectively 
recall previous hospitalization in sicker 
children because, regardless of subse¬ 
quent events, early childhood hospital¬ 
ization is usually experienced as a major 
event in family life. 

As described above, loss to follow-up 
limits the age range within which this 


study can confidently make longitudinal 
projections. In addition; the estimates of 
the precision of these projections are lim¬ 
ited because statistical techniques have 
not yet been developed for establishing 
confidence intervals around mean change 
in level of forced expiratory volumes for 
exposed and unexposed subjects. Be¬ 
cause severe acute respiratory illness is 
a relatively rare event, this study also 
lacks the power to evaluate some aspects 
of the relationship'between illness and 
level of lung function; particulary after 
stratifying by sex and controlling for 
asthma and smoking. Numbers of events 
are too small to explore potential inter¬ 
actions between passive smoking and 
'previous hospitalization in their relation¬ 
ship to subsequent lung function. Since 
none of the previously hospitalized chil¬ 
dren with adequate smoking data took 
up smoking, this study cannot predict the 
extent to which these children would have 
been, as active smokers, at increased risk 
for lung function deficits. The lack of 
smoking in children previously hospitali- 
ized for respiratory illness may represent 
a “healthy smoker effect," where individ¬ 
uals who are constitutionally less com¬ 
fortable smoking chose not to take up 
the habit. 

Our study supports the observations 
of others that males appear to be more 
at risk for respiratory illness in infancy 
than females. The Tecumseh and Chapel 
Hill studies have noted the excess of LRI 
among male infants, but not among 5- 
to 11-yr-oid boys as compared to girls 
(12-14), Taussig (15) has suggested that 
the early LRI in male subjects may re¬ 
flect the preponderance of males with 
smaller airways for lung size (referred to 
as dysynapsis by Green and Mead [16, 
17]), and that the equalizing of sex- 
specific LRI rates inschool-age children 
may coincide with the growth spun dur¬ 
ing which males acquire an airway size/ 
lung size ratio similar to that present in 
females. 

Martin and colleagues (18) suggest that 
in the adolescent years male asthmatics 
appear to improve more than female asth¬ 
matics. In our study, male subjects with 
illness before 2 yr of age and > 2 LRI 
at Study Year 2, half of whom were asth¬ 
matic, did not appear to catch up to their 
peers (asthmatics or nonasthmatics) in 
the adolescent years. They had a slower 
increase in level of FEF„-ts than the rest 
of the cohort, and a faster increase in level 
of FVC, which at entry to the study was 
equal to or higher than the mean FVC 
in the rest of the cohort. This would sup¬ 


port an association between dysynapsis 
male sex, an early history of asthma, anc 
frequent LRI in childhood as well as in 
infancy. 

Cross-sectional modeling suggests that 
for nonasthmatic subjects, previous hos¬ 
pitalization for acute respiratory illness 
is independent of the effect of passive 
smoking, associated with a deficit in 
-FEVj at entry to the study. The model 
predicts that a nonasthmatic 7-yr-old boy 
with no passive smoking experience, but 
with previous hospitalization for respi¬ 
ratory illness, wouldi have a 6.1 lower 
level of FEV, than a nonasthmatic boy 
with neither hospitalization nor passive 
smoking experience. The modeHtable2) 
also predicts that passive smoking togeth¬ 
er with hospitalization would be associat¬ 
ed with a 7.5<ft deficit. 

The sex-stratified longitudinal model' 
that includes all boys suggests that if two 
hypothetical 6-yr-old boys, one with a 
history of hospitalization and one with¬ 
out such a history, started at the median 
height and FEV, for their age, then eight 
years later the boy with a history of hos¬ 
pitalization would have an FEV \ that was 
S.O^o lower, and an FEF 25 -?j that was 
H.7% lower than that of the boy with¬ 
out a history of hospitalization assum¬ 
ing all other factors affecting growth were 
equal and the boys were neither exposed 
to smoking nor had wheeze symptoms 
in the years subsequent to entry to the 
study. The projection also assumes that 
the parameter estimate is applicable over 
the 8-yr period. 

Nonwheezing boys with' no smoking 
exposure, but with both previous hospi* 
talization and pneumonia, would; after 
eight years, have an FEF 2WS that was 
11.8°7o lower than other nonwheezing 
boys without hospitalization and pneu¬ 
monia, projecting from a model that ex¬ 
cludes those with history of asthma or 
symptoms of persistent wheeze at entry 
to the study. The East Boston study fol¬ 
lows children at least into the mid-teens, 
but since lung growth may continue into 
the late teens and early twenties, more 
follow-up time is needed to determine 
whether or not those children identified 
as persisting at lower levels of function 
as teenagers remain impaired as adults, 
and is the group of nonsmokers at greatest 
risk of developing chronic obstructive 
lung disease. 

Although this study found associa¬ 
tions between early childhood acute re¬ 
spiratory illness and subsequent devel¬ 
opment of chronic respiratory symptoms 
and cough at entry to the study, there 


Source: https://www.industrydoGuments.ucsf.edu/docs/nmyxOOOO 
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were no effects that were maintained over 
a period of eight years in nonsmokers, 
personal poking was the overwhelmiiij 
predictor of subsequent coughi ahd 
phlegm, and none of the children^o 
^epo|te^ previous hospitalization prior 
^a-^i^ypnset-took up smoking. These 
results differ from the results of the large 
prospective study of children in the Unit- 
ed Kingdom reported byKieman, Colley 
and colleagues (19), which found long¬ 
term ef fects of childhood respiratory ill¬ 
ness on the long-term development of 
chronic cough. An interaction between 
higher air pollution levels in the United 
Kingdom and the effect of early child¬ 
hood illness may account for the differ¬ 
ence in the relationship between early ill¬ 
ness and subsequent symptoms in the co¬ 
hort in East Boston as compared to the 
cohort in the United Kingdom (20, 21). 
Studies of respiratory morbidity and 
mortality in other populations of chil¬ 
dren may enable us to explore the inter¬ 
action between severe respiratory illness 
in early childhood and t he effect of oth¬ 
er exposures such as cigarette smoke and 
indoor or outdoor air pollution. 
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SUMMARY: Results are presented from a second 
cross-sectional assessment of the association of air pollution with 
chronic respiratory health of children participating in the Six 
Cities Study of Air Pollution and Health. Air pollution' 
measurements collected at quality-controlled monitoring stations 
included total suspended particulates (TSP), particulate matter 
less than 15 urn (PM- 5 ) and 2.5 urn (PM-_ 5 ) aerodynamic diameter, 
fine fraction aerosol sulphate (FSO 4 ), SC>2r O 3 , and NO 2 . Reported 
rates of chronic cough, bronchitis, and chest illness during the 
1980-1981 school year were positively associated with all measures 
of particulate pollution (TSP, PM . PM„_ 5 , and FSO 4 ) and positively 
but less strongly associated with concentrations of two of the 
gases (SO 2 and NO 2 ) . Frequency of earache also tended to be 
associated with particulate concentrations, but no associations 
were found with asthma, persistent wheeze, hay fever, or 
nonrespiratory illness. No associations were found between 
pollutant concentrations and any of the pulmonary function measures 
considered (FVC, FEV lf FEV , and MMEF). Children with a history 
of wheeze or asthma had a much higher prevalence of respiratory 
symptoms, and there was some evidence that the association between 
air pollutant concentrations and symptom rates was stronger among 
children with these markers for hyperreactive airways. These data 
provide further evidence that rates of respiratory illnesses and 
symptoms are elevated among children living in cities with high 
particulate pollution. They also suggest that children with 
hyperreactive airways may be particularly susceptible to other 
respiratory symptoms when exposed to these pollutants. The lack 
of association between pollutant concentrations and measures of 
both pulmonary flow and volume suggests, however, that these 
increased rates of illness are not associated with permanent loss 
of pulmonary function, at least in the preadolescent years. 
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DOUGLAS W. DOCKERY, FRANK E. SPEIZER, DANIEL O. STRAW, JAMES H. WARE, 
JOHN D. SPENGLER, and BENJAMIN G. FERRIS, JR. 


SUMMARY tesutts w p n m nte d from a aacood croaa-aacbonal asaaaamant of tha waoctatlon 
of air pollution with chronic respiratory haatth of children participating in tha Si* Citiaa Study of 
Air PoWuUOn and Haaith. AJrpottutJon maaauramarrta collected at quaitty-controHad monitoring •ta- 
bona tnchxted total auapandad particulataa (TSP), particutata matter iasa than 15 tun (PM 1t ) and 
2 J nm(PM,.,) aarodynamlc dtamatar, ffna fraction aaroaol auttata (FSO,), SO,, 0>, and NO,. Raport* 
ad rataa of chronic cough, bronchitis, and chart Hinas* during tha 1950-1 Ml school yaar ware poai- 
tfvafy aaaoctatad with aU measures of particulate pollution (TSP, PM„, PM,.*, and FSO.) and posi¬ 
tively but laaa strongly associated with concentration* of two of tha gasas (SO, and NO,). Frequen- 
cy of aaracha also tended to ba asaodatad with particutata concentrations, but no associations 
wara found with asthma, persistent whaaza, hay tever, or non respiratory illness. No associations 
wars found batwaan pollutant concentrations and any of tha pulmonary function maaauraa consid¬ 
ered (FVC, FEV,, FEV,.,,, and MMEF). Children with a history of wheeaa or asthma had a much 
higher pravalanca of respiratory symptoms, and there wss soma evidence that tha association ba¬ 
twaan air pollutant concentrations and eymptom rates wet sponger among children with these mark¬ 
ers lor hyperreactive airways. These data provide further evidence that rates of respiratory illnesses 
and symptoms are elevated among children Hying in cities with high particulate pollution. They 
also suggest that children with hyperreactive airways may ba particularly susceptible to other respi¬ 
ratory symptoms when exposed to these pollutants. Tha lack of association batwaan pollutant con¬ 
centrations and measures of both pulmonary flow and volume suggests, however, that thasa in¬ 
creased rates of illness are not associated with permanent loss of pulmonary function, at least 
during tha preadoiescent years. AM rev RES** WS teas; m:SV7-5M 


Introduction 

recent report (1) from the Six Cities 
Study of Air Pollution and Health de¬ 
scribed a strong association between fre¬ 
quencies of chronic cough, bronchitis, 
and chest illness in preadoiescent school- 
children and concentrations of particu¬ 
late and sulfur oxide air pollution in six 
communities in the eastern United States. 
Illness and symptom rates were higher 
by approximately a factor of two in the 
community with the highest air pollution 
concentrations compared with the com¬ 
munity with the lowest concentrations* 
No association was found, however, be¬ 
tween'air pollution concentrations and 
two measures of pulmonary function, 
FVC and FEV,. Because the health data 
were gathered between 1974 and 1980, on¬ 
ly three pollutant variables, total sus¬ 
pended particulates (TSP), the sulfate 
fraction of TSP (TSO*), and sulfur di¬ 
oxide concentrations (S0 2 ), were consis¬ 
tently available for this analysis. These 
measurements were gathered from sta> 
tions operated by a variety of public and 
private agencies. Analysis of limited da¬ 
ta on spatial and temporal variability of 
air pollution concentrations and respi¬ 
ratory health within the six cities found 
an association between total sulfate 
(TS0 4 ) concentrations and respiratory ill¬ 
ness and symptom rates, but not with 
TSP or SO,. 

These results raised several issues re¬ 
quiring further investigation. (/) To what 
extent could these results be replicated 
using air pollution measurements 
gathered under standardized procedures 
established as part of the Six Cities 
Study? (2) Was the respiratory health sta¬ 
tus of study children associated with ei¬ 
ther of two measures of size-fractionated 
particulate matter, aerodynamic di¬ 
ameter less than 15 pm (PM is ) and less 
than 2.5 pm (PM, ,)? Did ozone (0 3 ) or 
nitrogen dioxide (N0 2 ) concentrations 
have a direct effect on respiratory health 
or modify the associations with other 
pollutants? (5) Could associations be 
found between air pollution concentra¬ 
tions and potentially more sensitive 


measures of small airways impairment 
(FEV 0 TJ and MMEF) obtained from digi¬ 
tized analysis of the spirometrie tracings? 
(4) Could sensitive subgroups of the 
study population be identified? 

This study investigated each of these 
issues by analyzing the respiratory health 
of the original cohort of the school chil¬ 
dren reexamined during the 1980-1981 
school year, a period during which all 
elements of the study’s air pollution 
measurement program, including size- 
fractionated particle measurements, were 
available in all six cities. 

Methods 

Populations Studied and Survey 

Procedures 

The cohort of school children has been de¬ 
scribed elsewhere (1-3), Briefly, the children 
were initially seen as first- and second-graders 
attending schools in study communities dur¬ 
ing the enrollment period between 1974 and 
1979. Each child had had an annual follow¬ 
up examination consisting of a respiratory 
symptom questionnaire completed by a par¬ 
ent and a spirometrie examination performed 
at school. Health data used in this report were 
collected during the 1980-1981 school year. 
Three cities were visited between September 
and December, 1980: Watertown^ MA; St. 


Louis, MO; and Portage, WI. And three were 
visited between January and April, 1981: 
Kingston-Harriman, TN; Steubenville, OH; 
and Topeka, KS. 

Five respiratory illness and symptom re¬ 
sponses obtained from the questionnaire were 
considered: bronchitis, cough, chest illness. 
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wheeze, and asthma (4). Bronchitis required 
a doctor’s diagnosis in the last year, chronic 
cough was defined as being present for 3 
months in the last year, chest illness required 
restriction of activities of 3 days or more. Per¬ 
sistent wheeze was defined as wheeze apart 
from colds or for most days or nights in the 
last year. Asthma required the reporting of 
a doctor’s diagnosis. 

Three symptoms not expected to be relat¬ 
ed to air pollution were also considered: ear¬ 
ache, hay fever, and nonrespiratory illness or 
trauma that restricted activities for 3 days or 
more. 

The spirometric examination has been de¬ 
scribed elsewhere (5). Briefly, the examina¬ 
tion was performed using a water-filled 
recording spirometer (Survey Spirometer; 
Warren E. Collins, Braintree, MA) with the 
child in a sitting position without a noseclip. 
Each tracing was examined in the school by 
the local study coordinaton Those judged ac¬ 
ceptable by standard criteria (4) were digitized 
centrally (6). The three best tracings varying 
by less than 150 ml were averaged to calculate 
the FEV,, FEV* 7 », and FVC, and the tracing 
with the highest sum of FEV, and FVC was 
used to calculate the maximal midexpiraiory 
flow (MMEF). AH values were corrected to 
body temperature and pressure saturated with 
water (btfs). The child’s height and weight 
were measured in stockinged feet and record¬ 
ed to the nearest centimeter and pound. 

Air Pollution Measurements 
A centrally located air monitoring station was 
established in each community at the time of 
the first health examination SO a , NO a , O a , 
and meteorologic variables were measured 
continuously. Integrated 24-h TSP samples 
were collected on a regular schedule. TSP sam¬ 
ples were mailed to a central laboratory for 
determination of total mass concentration, 
Each site was audited semiannually by an in¬ 
dependent agency using National Bureau of 
Standards traceable reference standards (7). 

Beginning in 1978, dichotomous aerosol 
samplers were installed at each study site (8). 
The inlet of these samplers removes the larg¬ 
er particles (50V* cut-size at 15 pm aer¬ 
odynamic diameter). The aerosol is then 
divided into two fractions: the fine fraction 
with aerodynamic diameter less than 2.5 pm, 
and the coarse fraction between 2.5 and 15 
pm. The two fractions were analyzed for mass 
concentration by beta-ray attenuation (9) and 
for elemental concentration by x-ray fluores¬ 
cence (10). PM,» is the sum of the fine and 
coarse fractions. All elemental sulfur has been 
assumed to be present as sulfate ion (SO«). 
All dichotomous samplers were operational 
for at least 1 yr prior to the 1980-1981 school 
year. 

Daily mean concentrations of SO a , NO a , 
and Oj were obtained by averaging hourly 
concentrations for each day with at least 18 
hourly values. Three measures of panicle mass 
(PMj 4 , PM,*, and TSP) were considered, as 
well as the concentration of elemental sulfate 
in the fine fraction* denoted here as FS0 4 . 


Monthly means were calculated for each pol¬ 
lutant by averaging all available daily values. 
An air pollution exposure in the previous year 
was calculated for each child by averaging the 
monthly means for the 12 months preceding 
the month of the spirometric examination. 

Statistical Methods 

Previously reported analyses of illness and 
symptom rates and of pulmonary function 
levels established that city-to-city variation 
in health outcomes was larger than would be 
expected given interindividual variation in 
health outcomes (1). To account for this vari¬ 
ability, we used two-step methods to analyze 
the health outcomes. In the analysis of ill¬ 
ness and symptom rates, an initial logistic 
regression was used to estimate the adjusted 
logit of illness frequency in each of the six 
cities, controlling for sex, age, maternal smok¬ 
ing, and the presence of a gas stove in the 
home. In the second step, these estimated 
logits were regressed against the city-specific 
air pollution measurements using weights that 
were inversely proportional to the sum of the 
bet ween-city variance and the within-dty vari¬ 
ance of the adjusted logits. The results of this 
regression are summarized here by the esti¬ 
mated relative odds of the illness or symp¬ 
tom rate in the most polluted and least pol¬ 
luted city. Ninety-five percent confidence in¬ 
tervals (95 V« Cl) for these relative odds were 
calculated using Miettinen’s test-based ap¬ 
proximation (II). 

For the pulmonary function measures, the 
same general scheme was used. In the first 
step, the logarithms of individual pulmonary 
function measurements were fitted to a line¬ 
ar function ofrhe logarithm of height, age, 
maternal smoking, indicators for sex, paren¬ 
tal education, gas cooking, and an interac¬ 
tion between sex and logarithm of height. In 
the second step, the adjusted city-specific 
means of the logarithms of pulmonary func¬ 
tion measures were regressed on the air pol¬ 
lution variables. Each pollution variable was 
considered separately. The regression results 
are summarized by the estimated percentage 
difference in pulmonary function level be¬ 
tween the most polluted and least polluted 
cities. This difference is given by the an¬ 
tilogarithm of the regression coefficient times 
the difference in pollutant concentrations. 
Ninety-five percent confidence intervals were 
calculated in the logarithmic scale, again using 
a test-based approximation. 


TABLE 1 

CITY-SPECIFIC AGE DISTRIBUTION OF WHITE 
CHILDREN IN COHORT 



10 yr 

11 yr 

12 yr 

Total 

PorUga. Wl 

285 

282 

245 

612 

Topaka. KS 

252 

593 

368 

1.213 

Watertown, MA 

240 

277 

260 

777 

Kingston. TN 

106 

198 

227 

531 

St. Louis. MO 

283 

363 

350 

996 

StautwnvUte. OR 

377 

357 

359 

1.093 

Total 

1.543 

2.070 

1,809 

5.422 


A potentially sensitive subset of the popu¬ 
lation was defined by the presence of report¬ 
ed asthma or persistent wheeze. The two-step 
analysis was repeated to produce separate es¬ 
timates of the air pollution associations in 
children with and without asthma or wheeze: 
In the first step, city-specific rates of respira¬ 
tory symptoms were calculated for each group, 
after adjusting for the associations with sex, 
age, parental education, maternal smoking 
and gas stoves in the combined sample. In 
the second step, the city-specific adjusted rates 
were regressed on air pollution, separately for 
children with and without asthma or wheeze. 
An analogous procedure was used for analy¬ 
sis of pulmonary function measurements. 


A total of 8,131 children were seen dur¬ 
ing the 1980-1981 school year. Because 
the enrollment period varied among cit¬ 
ies, the age distributions of these chil¬ 
dren also varied among cities. To avoid 
confounding caused by age and race, the 
analysis was restricted to the 5,422 10- 
to 12-yr-old white children examined in 
the 1980-1981 school year (table 1). 

Adjustment for Covariates 
Each symptom was analyzed using a 
logistic regression model including sex, 
age, indicators of parental education, 
maternal smoking (cigarettes per day), 
an indicator for gas stove, and an indica¬ 
tor for each of the cities. Maternal smok¬ 
ing was significantly assljfciated with mosr 
symptoms (table 2). The coefficients for 
the respiratory symptoms investigated in 
the earlier report (bronchitis, chronic 
cough, chest illness, and persistent 
wheeze) were consistent with values ob¬ 
tained from analysis of the earlier exami¬ 
nation (2). Asthma rates were not signif¬ 
icantly associated with maternal smok¬ 
ing. Of the referent symptoms, earache 
was significantly associated with mater# 
nal smoking, whereas nonrespiratory uF 
ness and hay fever were not: As in the^ 
earlier examinations of these children# 
the^p&^offj^rtove: W not a 
pretj&tbr of curreht’ respiratory symp¬ 
toms. Hay fever was negatively associat¬ 
ed with the presence of a gas stove, non¬ 
respiratory illness was positively associat¬ 
ed, and no association was found for 
earache. 

The logarithm of pulmonary function 
was fitted to a multiple linear regression 
model including sex, sex-specific log of 
height, age, indicators of parental edu¬ 
cation, maternal smoking, an indicator 
for gas stove, and indicators for each city. 
Maternal-smoking was negatively afc 
sociated with all measures oflung fun? 
tion e&ept FVC (table 3). For FVC and 


Results 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 


2023383288 



g£FrCTS Of MHA1ABLE PAimCLES ON MESPMATOflY HtAUH Of ONLDNiN 


589 


FEVi, the coefficients were comparable 
to those reported previously (2). The 
strongest associations were found for 
FEVo t» and MMEF, two measures not 
available in the earlier analysis. Because 
FVC was positively associated with 
maternal smoking, the ratios of FEV, 
and MMEF to FVC both had strong 
negative associations with maternal 
smoking. 

The presence of a gas stove was nega¬ 
tively associated with FVC, FEVj, and 
FEV* 7 * . These deficits were not statisti¬ 
cally significant, but were comparable to 
earlier estimates (2). MMEF and the ra¬ 
tio measures were positively associated 
with gas stove, but the associations were 
not statistically significant. 

The city-specific symptom prevalence 
and pulmonary function levels, adjust¬ 
ed to the population distribution of the 
covariates described above, are given in 
table 4. 

Associations with Air Pollutant 
Concentrations 

City-specific annual means of the 24-h 
average air pollution concentrations were 
calculated for the 12 months preceding 
the examination of each child and aver¬ 
aged for each city (table 4). For most pol¬ 
lutants, the annual pollution means were 
lowest in Portage, Topeka, and Water- 
town and highest in Kingston, St. Louis, 
and Steubenville. Ozone concentrations, 
however, were highest in the communi¬ 
ties with low concentrations of other pol¬ 
lutants. Except for ozone, the correla¬ 
tions among pairs of pollution measures 
varied between 0.53 and 0.98. Ozone con¬ 
centrations were negatively correlated 
with all other pollutants, - 0.96 with NO, 
and between - 0.78 and - 0.73 otherwise. 

Results from regression of the adjust¬ 
ed logits of symptom frequencies on the 
air pollutant concentrations, expressed 
as the relative odds of a positive response 
in the most- and least-polluted city, are 
given in table 5. Over the range of TSP 
concentrations observed (34.1 to 80.0 pg/ 
m 3 ) (table 4), the odds of bronchitis were 
estimated to increase by a factor of 2.31 
with a 95% Cl of 0.79 to 6.78, and simi¬ 
lar results were obtained for PM,* (fig¬ 
ure 1), PM* *, and FSO«, the three other 
measures of particle mass. The associa¬ 
tion was statistically significant only for 
PMi*. Smaller and nonsignificant associ¬ 
ations with bronchitis rates were found 
for SOa and NOi. No association was 
found between ozone concentrations and 
bronchitis rates. Sex-specific regressions 
did not indicate any difference in re¬ 
sponse between the sexes. For example, 


TABLE 2 

ESTIMATED RELATIVE ODDS (95% CONFIDENCE INTERVAL) OF REPORTED 
SYMPTOMS VERSUS MATERNAL SMOKING AND GAS STOVES, ADJUSTED 
FOR SEX, AGE, PARENTAL EDUCATION AND CfTV OF RESIDENCE IN 
CHILDREN 10 TO 12 YEARS OF AGE. SIX CITIES STUDY: 1980-1961 
SCHOOL YEAR 



Mother's Smoking 
(TpaeWdey) 

Gas Stoves 

Respiratory symptom* 

Brooch iti* 

1.28 {1.07, 1.53) 

1.02 (0 77, 1.35) 

Chronic cough 

1.18 (0 98, 1.41) 

0.88 (0 67, T. 16) 

Chest illness 

1.17 (1.01, 1.35) 

0.97 (0.79. 1.20) 

Persistent wheeze 

1.20 (1.04, 1.40) 

0.89 (0.71. 1.11) 

Asthma 

1.07 (0.85. 1.34) 

0.76 (0 54. 1.05) 

Reference symptoms 

Hay fever 

0.92(0.78,1.06) 

0.70 (0,56. 0.87) 

Earache 

1.21 (1.09, 1*35) 

0.95 (0 81; 1.12) 

Nonrespiratory Wness 

1.16 <0.94, 1 ;42) 

1.30(0.96. 1.76) 


TABLE 3 

ESTIMATED PERCENT EFFECT (95% CONFIDENCE INTERVAL) OF MATERNAL 
SMOKING AND GAS STOVES ON PULMONARY FUNCTION ADJUSTED FOR 
SEX, SEX-SPECIFIC LOGARITHM OF HEIGHT, AGE. PARENTAL 
EDUCATION, AND CfTY OF RESIDENCE IN CHILDREN 10 TO 
12 YEARS OF AGE. SIX CITIES STUDY: 1980-1961 SCHOOU 
YEAR 


Mother'* Smoking 

{1 pack/day) Gas Stove* 


FVC 

-*•0.6% ( 

+ 0.1, 

+ 1.1) 

-0.5% (-1.2. 

♦ 0.2) 

FEV, 

-0.4% ( 

-0.9. 

+ 0.2) 

-0.3% (-1.1. 

+ 0.5) 

FEV,.„ 

-0.7% ( 

-U, 

-0.2) 

-0 2% (-1.0, 

♦ 0 6) 

MMEF 

-3.4% < 

-4.5, 

-2.4) 

+ 1.0% (j- 0.5, 

♦ 2.6) 

FEV, /FVC 

-1.0% ( 

-1.3. 

-07) 

+ 0 3% (r 0.2. 

+ 0 7) 

MMEF/FVC 

-3.9% < 

-4 9, 

-2 9) 

+ 1.5% (>- 0.0, 

+ 3.0) 


TABLE 4 


CITY-SPECIFIC RATES OF SYMPTOMS. PULMONARY FUNCTION, AND 12-MONTH MEAN 
POLLUTION CONCENTRATIONS FOR CHILDREN 10 TO 12 YEARS OF AGE SIX CITIES 
STUDY: 1980-1981 SCHOOL YEAR 



Portage 

Topeka 

Wktertown 

Kingston 

St j Louis 


Respiratory symptoms. % 







Bronchitis 

36 

6.0 

4.7 

100 

64 

8,1 

Chronic cough 

3.0 

7.3 

23 

6 7 

6.6 

8.7 

Chest illness 

7.6 

11.7 

9.3 

159 

7 2 

16.1 

Persistent wheeze 

96 

11.4 

6.6 

10.6 

8 9 

9.6 

Asthma 

5.1 

5.9 

3.2 

4.4 

34 

3.3 

Reference symptoms. % 







Hay fever 

20.0 

22.7 

12 t 

23.1 

32.8 

23 1 

Earache 

10.7 

126 

109 

6,7 

12.7 

5,7 

Nonrespiratory Sines* 

4.9 

4.3 

6.0 

5 1 

4.5 

4.5 

Pulmonary function, L 







FVC 

2.556 

2.492 

2.511 

2.467 

2.511 

2.539 

FEV, 

2.225 

2.142 

2.178 

2.156 

2.166 

2.191 

FEV,.,* 

2.042 

1.960 

2.002 

1.968 

1.963 

2.007 

MMEF 

2 635 

2.529 

2.565 

2807 

2589 

2611 

Pulmonary function ratios 







FEV,/FVC 

0.870 

0.859 

0.867 

0 866 

0862 

0 863 

MMEF/FVC 

1.030 

1.014 

1.030 

1.047 

1.031 

1.030 

Particulate pollution, jig/m* 







TSP 

34.1 

63 2 

53.0 

638 

BOO 

71.2 

PM,, 

20.1 

334 

250 

423 

37.8 

58 6 

PM,., 

12.7 

11:6 

17.7 

257 

22.0 

36 7 

FSO, 

4.3 

3.2 

5.7 

7.9 

7.1 

13 9 

Gaseous pollution, ppb 







SO, 

4.2 

3.5 

10.5 

65 

13 5 

278 

NO, 

6.5 

12.7 

19 9 

154 

22.6 

226 

o, 

376 

30.3 

22.0 

254 

232 

160 


Dmhnoon at abtyaviabom TSP * lout »uap*ndad particle*; PM„ and PM,., - parbculata manat lees than 15 *im and 2.5 ym 
aerodynamic dwnwtar; FSO. - fine-fraction aaroaol auHiit 
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ESTIMATED RELATIVE 000S OF SYMPTOMS AND 95% CONFIDENCE INTERVAL BETWEEN THE 
MOST POLLUTED AND LEAST POLLUTED CITIES FOE EACH POLLUTANT UNIVARiATELY 



TSP 

PM,. 

PM,. 

FSO* 

SO, 


o. 

Rwpintory symptom* 








Bronchrtt* 

2.3 

25 

2.1 

2.0 

14 

1.7 

0.5 


(O.e. 8.8) 

(1.1. 6.1) 

(04. 5.9) 

(0.6. 6.7) 

<0.4, 5.6) 

(04. 54) 

(04. 1.7) 

Chronic cough 

3.4 

3.7 

2.3 

24 

14 

14 

04 


(0.7. 144) 

(1.0. 13 5) 

(0.4. 134) 

(0.3. 154) 

(04, 124) 

(04, 10.5) 

<0.1. 44) 

Chaal Mnsat 

1.4 

24 

2.0 

1.9 

14 

14 

0.6 


(04, 8.5) 

<04, 6.7) 

(04, 64) 

(04.8.9) 

(0.4. 5.9) 

(04,4.8) 

(04, 2.5) 

Ptrsistent whssza 

1.1 

14 

1.0 

1.0 

0.9 

04 

14 


(04,24) 

(04.2.8) 

(04,24) 

(0.4.24) 

(0.4. 1.9) 

(0.4. 1.6) 

<04. 2.7) 

Asthma 

0.7 

0.7 

0.6 

0.6 

0.6 

0.6 

1.9 

Rsfsrtnca symptoms 

(04, 14) 

(04,2.0) 

(04. 1.4) 

(04, 1.4) 

(04,14) 

<04. 0.9) 

(14. 3.4) 

Hay tovar 

0.9 

04 

0.4 

0.4 

04 

04 

1.6 


(04, 3.8) 

<04, 14) 

(04. 0.9) 

<04, 0.9) 

(04.1.7) 

(04, 2.6) 

(04,6.0) 

Earachs 

2.1 

1.8 

14 

* 14 

14 

14 

14 


(0.8. 7.4) 

(0.4. 7.0) 

(04. 5.8) 

(04, 6.0) 

<04, 64) 

(04, 4.9) 

(04,4.7) 

Nonraapiratory itnsas 

0.9 

0.9 

1.0 

1.0 

1.0 

1.0 

0.9 


(04. 1.4) 

(0.6, 1.4) 

(0.6.1.6) 

(0.6, 1.6) 

(0.6. 14) 

(0.6. 1.6) 

(04. 1.6) 
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the estimated odds for bronchitis versus to increase by approximately a factor of 
PM IS was 2.48 for boys and 2.60 for girls, two across the range of particulate ex- 
Similar associations were found for posures. Much weaker positive assoria- 
chronic cough and chest illnesses. The tions were found with S0 2 and NOi, and 
odds of reported illness were estimated a negative association with ozone. 


Rg. T. Crty-mpadfic pravaMoca ot raportad txoochtoa waraus »r>nu«J maan PU* concantr*!**** (pg/m*) and kogta- 
tic fit 10 (P - Portaga, T • "fopst*. W - W M artowm, K - Kingston, L - St. Lout*, and S - Staubarwib*). 


Persistent wheeze was not associated 
with any of the air pollution measures. 
Asthma rates were negatively associated 
with all pollutants except ozone. A simi¬ 
lar pattern was found for hay fever, sug¬ 
gesting a higher reporting among those 
children in the more rural communities. 
Asthma and hay fever rates were posi¬ 
tively associated with annual mean ozone 
concentrations — estimated relative odds 
for asthma* 1.88 (95% Cl, 1.03 to 3.43) 
and for hay fever, 1.62 (95% Cl, 0.44 to 
6.0). Of the other two reference symp¬ 
toms considered, earache had a weak 
positive association with the particulate 
measures, and nonrespiratory illness had 
estimated relative odds very close to one 
for each pollutant. 

Only TSP concentration was consis¬ 
tently associated with estimated lower 
levels of pulmonary function. Over the 
range of concentrations observed, the 
largest deficit, -2.7% (95*7. Cl, -6.5 
to + 12*7*), was found for FEV* 7I . There 
was little evidence for an association be¬ 
tween tower pulmonary function level 
and the annual mean concentration of 
any other pollutant. 

Susceptible Populations 
The prevalence of respiratory symptoms 
was much higher among the 571 children 
with asthma or persistent wheeze than 
among children without these symptoms. 
Bronchitis was reported among 25.5% of 
the children with asthma or wheeze ver¬ 
sus 4.0% among those without; for 
chronic cough the rates were 29.5% ver¬ 
sus 3.2%, and for chest illness 36.5% ver* 
sus 7.6%. Although FVC was only 0.3% 
lower among these children with ast H .m* 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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table e without asthma or wheeze did not show 

tiuATED RELATIVE OODS OF RESPIRATORY SYMPTOMS AND 95% CONFIDENCE INTERVAL any associations (figure 3). 

65 BETWEEN THE MOST POLLUTED AND LEAST POLLUTED CITY FOR EACH POLLUTANT 

UNIVARIATELY. STRATIFIED BY REPORTED ASTHMA OR PERSISTENT WHEEZE Di»CU*slon 


SO The first aim of these analyses was to re- 

-— examine the previously reported associ- 

ations between air pollution eoncentra- 
2 0 ‘ tions and respiratory illness and symp- 
(0.3. u 3) tom rates in the same children an average 
2.4 of 3 yr older, using exposure data of 
.( 0 . 5 . 11 . 7 ) documented quality obtained under a 
- standardized protocol. These reanalyses 

showed associations of particulate and 
(0.4.5 6) sulfur oxide concentrations with rcspi- 
19 ratory illness and symptom rates that cor- 
* a3,13 :^ respond closely to those found in the 
earlier analyses. Thus, these findings 
cannot be attributed to errors in the 
measurement of ambient air pollution 
ose with concentrations. 

In the earlier analyses ( 1 ), annual mean 
adjusted TSP concentrations varied between 39.3 
ion levels pg/m 3 in Portage and 114.1 pg/m 3 in 
with and Steubenville. This range was associated 
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Cwontf cough 


Ch«t i»nw 


2.0 

(0.9,4.7) 

3.2 

(0 6. 18.1) 
4.1 

(1.6. 10.3} 
4.0 

(0.2, 78.2) 
1 2 

(0.3. 5.4) 

2.3 

(0.3, 16.7) 


22 

(1.1, 42 ) 

38 

(0.9, 15.5) 

4.1 

(1.8. 9.2) 
5.0 

(0.4. 71.6) 

2.1 

(0.7. 6.4) 
3.8 

(1.1. 13.5) 


1.8 

(0.8, 4.3) 
35 

(0 9. 13 2) 
3.0 

(0.9. 10.7) 
2.4 

(0.1. 49.5) 
19 

(0.6, 5.7) 
3.1 

(0 7. 12 8) 


1.7 

(0.8, ,4.7) 
3.1 

(06. 16.8) 

2.9 

(0.6, 13.1) 
2.4 

(0.1. 60.6) 

1.9 

(0.6, 6.4) 

2.9 

(0.5, 15.6) 


19 

(01. 44 .1) 
1.5 

(0.4. 5.6) 
1.9 

(0.3. 13.0) 
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or wheeze, FEVj was 4.5 % lower, FEV 0 „ 
was 4 . 3 % lower* and MMEF was 10.6% 
lower. These children were considered as 
a potentially susceptible subgroup* and 
the associations between air pollutant 
concentrations and adjusted city-specific 
respiratory symptom rates and pulmo¬ 
nary function levels for children with and 
without these symptoms were compared. 

The estimated relative odds over the 
range of each of the particulate mea¬ 
sures and SO z is given separately for the 
two groups in table 6 . Bronchitis rates 
gave relative odds of 2.2 (95% Cl, 1.1 to 
4 . 2 ) versus PMi* for children without 
asthma or wheeze. The estimated rela¬ 
tive odds were higher, 3.8 (95% Cl, 0.9 
to 15.5), for those reporting asthma or 
wheeze. Children reporting asthma or 
wheeze not only had a higher prevalence 
of bronchitis, but apparently a stronger 
association with PM l# concentrations 
(relative odds ratio, 3.8/22 * 1.7; 95% 
Cl, 0.5 to 6.3). Although this difference 
is not statistically significant on the logis¬ 
tic scale, when these results are plotted 
on a linear prevalence scale (figure 2 ), 
it is clear that children with asthma or 
wheeze were reporting most of the ex¬ 
cess number of cases of bronchitis in the 
more polluted communities. Similar as¬ 
sociations were found between bronchi¬ 
tis and each of the other particulate mea¬ 
sures. The associations of bronchitis with 
SO, were smaller in magnitude than with 
the particulate measures, but were larger 
for children with asthma or wheeze than 
for those without (table 6 ). Results for 
chest illness in the past year were com¬ 
parable to those for bronchitis, except 
that the SO, association was smaller 
among children with asthma or wheeze. 
The association between pollutant con¬ 
centration and chronic cough was not 


stronger* however* among those with 
asthma or wheeze (table 6 ). 

Separate regressions of the adjusted 
city-specific pulmonary function levels 
on air pollution for children with and 


X - ---- 

w-—t 


Ftfl. 2. City-sp*cific prevmlanca of reported bronchitis vareus annual maan PM,, concantration*atrelifiad 
by reported asthma or pareistatf whaaz* Uppar curvt (sofcftot) a tha logistic fit lor children with reported asthma 
or whaaza, and lowar curva (dashadiiha) ta tha togiabc m tor thoaa without (iaa figure 1 tor dty tobate) 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyxOOOO 
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with a between-cities relative odds for 
chronic cough of 2.13 with a 95% Cl of 
1.63 to 2.77. Similarly, the relative odds 
were 2,13 (95% Cl, 1.08 to 4.18) for bron¬ 
chitis, L34 (95% Cl, 0.70 to 2.55) for 
chest illness, and 1.23 (95% Cl, 0.76 to 
7.00) for persistent wheeze. Despite a de¬ 
cline in the TSP concentrations in the 
most polluted cities, Steubenville and St. 
Louis, between the first two examinations 
in the 1975 to 1977 school years and the 
1980-1981 school year, the estimated rel¬ 
ative odds obtained in the current analy¬ 
sis are comparable to those obtained ear¬ 
lier. The estimated relative odds for the 
referent symptoms of hay fever and non- 
respiratory illness were not elevated. A 
positive association was found between 
earache and particulate pollution, al¬ 
though the association was far from 
statistical significance. This is consistent 
with the increased prevalence of earache 
associated with maternal smoking (table 2). 

The differences in respiratory illness 
reporting between cities may represent 
differences in the samples of children that 
are unrelated to air pollution exposure. 


Those cities visited in the spring have 
been noted to have both higher rates of 
respiratory symptom reporting and high¬ 
er air pollution values. Hence, the posi¬ 
tive associations may be attributable in 
part to better recall of symptoms in the 
previous winter when questionnaires were 
administered in the spring compared with 
those administered in the fall. When sea¬ 
son of examination was included in the 
regression analyses, the estimated rela¬ 
tive odds of symptom reporting were re¬ 
duced. For example, the estimated effect 
of PM,* on reported bronchitis was re¬ 
duced from 2.52 (table 5) to 1.97 when 
adjusted for season. Other potential con- 
founders include differences in interpre¬ 
tation of the questionnaire by the respon¬ 
dent and persistent differences in illness 
or reporting rates associated with ethnic 
or cultural factors. 

The city-specific symptom reporting 
rates and adjusted level of pulmonary 
function have been shown to be consis¬ 
tent within each city year to year (1). 
However, the variability of these sum¬ 
mary measures between cities was larger 


then the random fluctuation between in¬ 
dividuals would predict. Because of this 
clustering effect in the data, two-step 
methods were used to analyze the health 
outcomes. The effect of these methods 
is to produce conservative estimates of 
the statistical significance of the report¬ 
ed associations compared with common¬ 
ly used methods. Fbr example, if bron¬ 
chitis were regressed on PM,* exposure 
for each child, adjusting for covariates 
in a logistic model, a highly significant pos¬ 
itive association is found (p = 0.000024). 
Using the two-step method, bronchitis 
had a marginally significant positive as¬ 
sociation with PM„ (p = 0,016). The es¬ 
timated odds ratios are similar in both 
cases. The confidence intervals present¬ 
ed here reflect this adjustment for the 
clustering of response within city. 

In the previous report, data from 3 yr 
were considered in each city, and three 
of the cities (Kingston-Harriman, St. 
Louis, and Steubenville) were divided into 
two exposure regions based on topogra¬ 
phy, load sources of pollutants, and air 
pollution measurements from multiple 
monitors. This permitted evaluation of 
the covariance of health status and air 
pollution within cities. By 1980; there was 
no evidence for spatial differences in ex¬ 
posure within Kingston-Harriman or St 
Louis. The air monitor in Steubenville 
was located centrally, at a location inter¬ 
mediate between the two previously de¬ 
fined air pollution regions. Thus, the data 
from the 1980-1981 school year did not 
allow investigation of the spatial or tem¬ 
poral covariation of air pollution and re¬ 
spiratory health within cities. 

The second aim was to investigate the 
effects of pollutants other than TSP, SO*, 
and S0 4 , particularly measures of fine 
particulate air pollution. Because data 
were available for only six cities, how¬ 
ever, the information differentiating pol¬ 
lutants is somewhat limited. Each pollu¬ 
tant was therefore considered univariate- 
ly, and multivariate comparisons were 
not attempted. 

All of the paniculate measures, TSP, 
PM,*, PM*.*, and FSO*, are highly cor¬ 
related across the six cities. All are as¬ 
sociated with substantial increases in the 
reported rates of respiratory illnesses over 
the range of annual! means observed. 
Each of these particulate measures has 
well-known limitations (12,13). TSP has 
a poorly defined upper size cut that de¬ 
pends on wind speed and direction. PM,* 
may underestimate exposure because of 
coarse particle loss in shipping (14). PM* * 
is lightly contaminated by less than ab¬ 
solute separation of particles at 2.5 pm- 


Source: https://www.industrydocuments.ucsf.edu/docs/nmyx0000 
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The FS0 4 concentration may overesti¬ 
mate sulfur concentrations slightly be¬ 
cause of conversion of S0 2 to S0 4 on the 
niter and the assumption that all sulfur 
is SO, 

Of the particulate measurements, on¬ 
ly associations with PM.i were statisti¬ 
cally significant. Dzubay and Barbour 
(14) have reported a loss of between 19 
and 53% of coarse particle mass from 
filters during shipping between the sam¬ 
ple site and the laboratory. The poten* 
tial variable loss of coarse particles in 
shipping and handling would normally 
cause concern about the validity of the 
associations with PM IS . However, start¬ 
ing late in 1980, independent measure¬ 
ments of PM ,s were made by high- 
volume samplers with sampling heads 
that removed particles with an aero¬ 
dynamic diameter greater than 15 pm. 
The annual mean concentrations for 1981 
from these samplers were 22.8 pg/m 3 in 
Portage, 37.6 pg/m 3 in Topeka, 29.8 
pg/m 3 in Watertown, 41.5 pg/m 3 in Kings¬ 
ton, 44.3 pg/m 3 in St. Louis, and 62.6 
pg/m 3 in Steubenville. Comparison with 
PM,* concentrations (table 4) shows that 
the inhalable particulates were higher by 
an average of 3.4 pg/nv* and the correla¬ 
tion between the annual means was 0.98. 
Thus, any bias in the PM, a caused by 
shipping losses in these samples must be 
small. Moreover, such randomly variable 
error in the exposure measurement would 
only underestimate the true association. 

Bronchitis and chest illness rates were 
noted to be higher in Kingston than in 
any of the other cities, including Steuben¬ 
ville, which has the highest particulate 
pollution concentrations. Lippmann (15) 
has suggested that these higher respira¬ 
tory illness rates may be due to the acidi¬ 
ty of the suspended particles in Kingston 
and Steubenville. Acidity measurements 
were not made in 1980 or 1981, but re¬ 
cent measurements have shown that aero¬ 
sol aridity is in fact higher in Kingston 
and Steubenville (16). 

Sulfur dioxide, which is also correlat¬ 
ed with the particulate measures, has a 
much weaker association with the respi¬ 
ratory symptoms than the particulate 
measures. Similar results were found in 
the earlier study. Nitrogen dioxide annual 
means are higher in the more urbanized 
cities (Watertown and St. Louis) and the 
industrial city (Steubenville) than in the 
more rural cities (Portage, Topeka, and 
Kingston). The association of NOj with 
respiratory symptoms, however, was 
weak. 

Ozone concentrations were highest in 
the most rural community (Portage). 


Ozone is a secondary pollutant formed 
by photochemical reactions as polluted 
air masses move away from the pollution 
source regions. Primary pollutants such 
as nitric oxide (NO) rapidly scavenge 0 3 , 
converting it to molecular oxygen and the 
NO to NOj. Thus, ozone levels tend to 
be low in regions that arc sources of these 
primary pollutants such as Steubenville, 
St. Louis, and Watertown and high in 
more pristine areas such as Portage, Tope¬ 
ka, and Kingston Negative associations 
of respiratory symptoms with ozone 
probably do not represent a protective 
effect of ozone, but rather indicate the 
negative correlation between ozone and 
other pollutants. 

The third aim was to test for associa¬ 
tions between air pollution and tests of 
pulmonary function potentially more 
sensitive than the previously reported 
FVC and FEV,. Although FEV*. yi and 
MMEF were more strongly associated 
with 1 maternal smoking than were FVC 
or FEV,, there was still no indication of 
chronic effects of air pollution on any 
measure. Lippmann and Lioy (12) has 
suggested that these chronic effects may 
be masked by acute changes in pulmo¬ 
nary function associated with exposure 
on the days or hours immediately before 
the examination. The annual pulmonary 
function data are being analyzed to 
evaluate such acute effects, and will be 
reported separately. 

The analyses were repeated with strat¬ 
ification on reported asthma or persis¬ 
tent wheeze. Although children with 
reported asthma or persistent wheeze 
made up only about 10% of the sample, 
they accounted for approximately half 
of the children reporting chronic respi¬ 
ratory symptoms. Thus, stratifying by 
reported asthma or wheeze removes a 
substantial source of variability in illness 
and symptom responses. The separate 
regressions permit comparisons of the air 
pollution associations in the two groups 
of children. Positive associations were 
found between bronchitis, chronic cough, 
and chest illness and the particulate 
measures for both groups. The estimat¬ 
ed relative odds of bronchitis and chest 
illness for the paniculate measures was 
approximately twice as large for those 
with asthma or wheeze, although these 
differences were not statistically signifi¬ 
cant. In absolute terms, the adjusted 
bronchitis rate for children without asth¬ 
ma or wheeze increased from 2.4% in 
Portage to 5.2% in Steubenville, a rate 
difference of 2.8% (see figure2). For chil¬ 
dren with asthma or wheeze, the adjust¬ 
ed bronchitis rate increased from 13.7% 


in Portage to 34.7% in Steubenville, a rate 
difference of 21.0 %j Thus, the smaller 
group of children that reported asthma 
or wheeze contributes to most of the 
cases of bronchitis that could be attrib¬ 
uted to air pollution. 

In summary, these analyses provide 
further evidence that there is an increase 
in respiratory symptom reporting across 
the six cities that is associated with an¬ 
nual mean particulate level* in these com¬ 
munities. Stronger associations were 
found with concentrations of inhalable 
particles, PM l$ , although the power to 
differentiate the effects of specific size 
ranges was weak. Unexplained differ¬ 
ences in symptom reporting between 
cities may be explained by specific com¬ 
ponents of the particle exposure not con¬ 
sidered, eg., aerosol acidity. Such asso¬ 
ciations are being investigated in later 
follow-up examinations of these and oth¬ 
er cohorts of childrem 

Children with reported persistent 
wheeze or asthma were found to have 
substantially higher reporting rates for 
respiratory illnesses and lower pulmonary 
functions. The proportion of these chil¬ 
dren within the sample varies between 
communities. In the more polluted com¬ 
munities, a large fraction of these chil¬ 
dren are reporting respiratory symptoms. 
Thus, these children appear to be react¬ 
ing more in response to air pollution ex¬ 
posure than the rest of the sample. Con¬ 
trolled exposure studies of adolescent 
asthmatics (17) have suggested that such 
children may be especially responsive. 

There was no evidence for an effect 
of pollution exposure on level of pulmo¬ 
nary function, either in the complete co¬ 
hort or in the children with reported per¬ 
sistent wheeze. Thus, air pollution ex¬ 
posure may increase respiratory symptom 
rates without causing irreversible pulmo¬ 
nary function losses. Nevertheless, al¬ 
though respiratory symptoms may be 
transient, they clearly have health con¬ 
sequences of some importance. In par¬ 
ticular, respiratory illness in childhood 
has been reported as a risk factor for the 
subsequent development of respiratory 
diseases in adulthood and also a risk fac¬ 
tor for the development of COPD in 
smokers (18). Longitudinal analysis of 
data provided by these children as they 
pass through adolescence may provide 
additional information about the long¬ 
term effects of these pollutant exposures. 
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ABSTRACT. Familial factors related to lung function between six 
and 10 years of age have been studied among 1,160 children whose 
both parents were examined in 1975 in the French PAARC (Pollution 
Atmospherique et Affections Respiratoires Chroniques) Cooperative 
Study. The three indices FVC (forced vital capacity), FEV1 (forced 
expiratory volume in one second), and FEF25-75 (forced expiratory 
flow between 25 and 75 per cent of the vital capacity) were studied 
after adjustment for sex, town, age, and height (and weight for 
children's FVC and FEV1) . Maternal (but not paternal) smoking was 
associated with a significant decrease in FEVl and FEF25-75, but 
not in FVC. Familial resemblance was observed for all indices 
between children and parents and between siblings. None of the 
environmental factors considered (i. e., parental smoking or 
education) or body habitus explained the familial resemblance 
observed. Conversely, after taking into account the aggregation 
between siblings, associations between children's lung function 
and parental characteristics (smoking, lung function) remained 
signficant. Parental-children correlations exhibited an increasing 
temporal trend with increasing age of the children. All but one 
correlation for FVC, FEV1, and FEF25-75 residuals of children with 
mothers' residuals were higher in the oldest age group compared 
with they youngest age group at the 0.10 level. Furthermore, 
correlations between siblings of opposite sex were significantly 
lower than correlations between siblings of like sex, especially 
for FEV1/FVC and FEF25-75/FVC. Results suggest that different 
growth patterns between boys and girls may be a critical factor in 
the study of lung function familial resemblance. 
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FAMILIAL FACTORS RELATED TO LUNG FUNCTION IN CHILDREN 

AGED 6-10 YEARS 

KESULTS FROM THE PAARC EPIDEMIOLOGIC STUDY 

FRANCINE KAUFFMANN, 1 IRA B. TAGER, iS ALVARO MUftOZ, 14 and 
FRANK E. SPEIZER 1 

Kauffmann F. (INSERM U. 169,16 sve. PV Couturier, F-94807 vmejutf C*dsx, 
France), t B. lager, A Munoz, and F. E. Speiier. Familial factor* related to hmg 
function in children aged 6-10 years: results from the PAARC epidemiotegic 
study. Am J EpIdtmM 1989;129:1289-99. 

Familial factors related to lung function between six and 10 years of age have 
been studied among 1,160 children whose both parents were examined in 1975 
In the French PAARC (Pollution Atmospherique et Affections Respiratoires Chro- 
niques) Cooperative Study. The three indices FVC (forced vital capacity), FEV, 
(forced expiratory volume in one second); and FEF». Ti (forced expiratory flow 
between 25 and 75 per cent of the vital capacity) were studied after adjustment 
for sex, town, age, and height (and weight for children's FVC and FEV,). Maternal* 

(but not paternal) smoking was associated with a significant decrease In FEV, * 

•nd FEFa-tt* but not in FVC. Familial resemblance was observed for all indices 
between children and parents and between siblings. None of the environmental 
factors considered (}.•., parental smoking or education) or body habitus explained 
the familial resemblance observed. Conversely, after taking into account the 
aggregation between siblings, associations between^hftdrtn’a lung function and 
paranta! characteristics (smoking, lung function) remained significant Parental- 
children correlations exhibited an increasing temporal trend with increasing age 
of the children. All but one correlation for FVC, FEV,, and FEF^t, residuals of 
children with mothers’ residuals were higher in the oldest age group compared 
with the youngest age group at the 0.10 level. Furthermore, correlations between 
siblings of opposite sex were significantly lower than correlations between 
siblings of like sex, especially for FEV,/FVC and FEF»*_ r */FVC. Results suggest 
that different growth patterns between boys and girls may be a critical factor In 
tha study of king function familial resemblance. 

child; education; growth; lung diseases, obstructive; tobacco smoke pollution 


A number of epidemiologic studies have netic and environmental factors on levels 
sought to investigate the influence of ge- of lung function in children (1-6). AH these 
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studies have failed to adjust the statistical 
inferences for the nonindependence of the 
measurements of lung function that arises 
from the familial structure of the data (7). 
None of the studies have evaluated how 
different patterns of growth of lung func¬ 
tion in children of both sexes ( 8 ) might 
influence the magnitude of the familial cor¬ 
relations observed 

In the current study, a subset of the 
PAARC (Pollution Atmospherique et Af¬ 
fections Respiratoires Chroniques) survey 
( 9 ) was used to investigate the influence of 
familial (genetic and environmental) fac¬ 
tors on various measures of level of lung 
function (forced vital capacity (FVC), 
forced expiratory volume in one second 
(FEVj), and forced expiratory flow between 
25 and 75 per cent of the vital capacity 
(FEF 2 .V 75 ) in children. The analysis uses a 
multivariate analytic technique ( 10 ) that 
permits both adjustments for the familial 
structure of the data and for covariates that 
might influence levels of function Further¬ 
more, a detailed analysis has been included 
that evaluates the effect of different! pat¬ 
terns of lung growth in children on the 
observed familial correlations.* 


Materials and methods 

The full data set of the French Cooper¬ 
ative Study PAARC includes 13,383 
French households, each of which was 
headed by a nonmanual worker who resided 
for at least three years in one of 24 areas 


Thit work was done while Dr. Kauffman was at the 
Channinf Laboratory. Harvard Medical School. Sup¬ 
port was provided to her in pan by the Philippe 
Foundation. 

This work was supported by grants from the Min¬ 
iate res de IXnvironnement at du Cadre de vie at de la 
Santa et de la Securite Sociale, France. 

The authors thank the Director* of the PAARC 
Cooperative Group R. Bollinelli (deceased), D. Bribe, 
J. Cbarpin, P. Freour, M. Gervois, P. Laval, J. P. 
Lemercier, and S. Perdriset; the coordinators D. Bribe, 
P. Bourbon, J. Lellouch; the other members of the 
PAARC group involved at different stages of the study; 
and V. Carey for assistance in statistical programming. 


in seven French cities. The primary pur¬ 
pose of the larger study was to investigate 
the potential role of air pollution in the 
occurrence of respiratory symptoms and 
alterations in levels of pulmonary function 
in adults and children. The full protocol 
has been published elsewhere (9, 11). 

Only adults aged 25-59 years (n *= 
20,246) and children aged 6-10 years (n = 
2,979) were selected for the present study. 
From the hill sample, a subset of 945 fam¬ 
ilies, each of which included 1 two parents 
and at least one child aged 6-10 years (n = 
1,160: 557 girls and 603 boys), was selected: 
for the present analysis on familial factors. 
The sample included 751 families with one 
child, 174 with two children, 19 with three 
children, and one with four children. 

Subjects were interviewed at home by a 
questionnnaire derived from the British 
Medical Research Council/European Coal 
and Steel Community (BMRC/ECSC) (12) 
questionnaire. Parental smoking history 
was recorded through interview’s with both 
parents. With respect to maternal educa¬ 
tional level, families were classified into 
two groups—-those who completed the pri¬ 
mary level of schooling (low) and those who 
completed the secondary level or who ob¬ 
tained a university degree (high). Lung 
function was evaluated with a dry expiro- 
graph (Vitalograph, Buckingham, United 
Kingdom) performed on 95 per cent: of the 
adults and 92 per cent of the children in¬ 
terviewed. At least three forced expirations 
were performed in accordance with ECSC 
recommendations (13). The FVC and 
forced FEVi expressed at ambient temper¬ 
ature, pressure, and water conditions were 
used for analysis. Measurements were made 
indoors with average temperatures ranging 
between 12 C and 30 C (with 98 per cent 
between 17 C and 25 C). In addition, the 
FEFivts of the time-volume curve was ob¬ 
tained from the curve with the largest 
FEV,. 

Seventy-eight per cent of the adults and 
70 per cent of the children in the sample 
provided acceptable forced time-volume 
curves. Inadequate performance of the pul- 
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monary function test was associated with 
lower levels of maternal education in both 
adults and children and with younger age 
among children. All subjects included in 
the present analysis provided acceptable 
forced time-volume tracings. 

All measures of lung function were ad¬ 
justed by means of regressions on age and 
height (14). They were calculated sepa¬ 
rately for adults and children by sex and by 
town, because there were discrepancies in 
the percentage of poor tracings and regres¬ 
sion coefficients on age between towns. For 
children, weight was included in the regres¬ 
sions for FVC and FEV,. After the adjust¬ 
ments, sex-specific normalized residuals 
were obtained for each measure of lung 
function according to the following: 

Residual * 

(observed level — 

(a. Age + 6, Height + c, 

where i refers to itb town* c, is the regres¬ 
sion coefficient for age, 5, is the regression 
coefficient for height, c, is the constant 
term (a coefficient for weight appears for 
children for FEVj and FVC), and s? is the 
residual variance. Linear regressions were 
used because it has been shown that over 
ages 6-10 years, the pulmonary function 
test is approximately linear with age (16), 
and little improvement of the multiple cor¬ 
relation coefficients ( R 2 ) was obtained with 
more sophisticated models. Correlation 
coefficients for the regression of FVC 
(FEVi) on age, height, and weight were 
0.450 (0.401) for boy® and 0.584 (0.493) for 
girl®. Adding age 2 and height 1 terms only 
increased R 2 to 0.455 (0.404) and 0.588 
(0.493), respectively. For FEF^Ttt correla¬ 
tion coefficients were much lower for boys 
(R 2 * 0.14) and for girls (R 2 — 0.20). 
These residuals are therefore adjusted for 
(weight) height, age, and town. For parents, 
height, age, town, and smoking residuals 
were computed by regression of the pre¬ 
vious residuals on current cigarette tobacco 
use (g/day). These smoking-adjusted resid¬ 
uals also were normalized (mean ± stan¬ 


dard deviation * 0 ± 1) to facilitate com¬ 
parisons of associations with the different 
measures of lung function. The indepen¬ 
dence of the residuals used with age, height, 
weight, and, when appropriate, smoking 
was checked by careful examination of re¬ 
siduals plots. If a genetic factor exists, the 
correlations between children and the mid¬ 
parent (fictional subject to whom is attrib¬ 
uted the mean value of both parents) 
should be the strongest. Residuals of mid- 
parents were computed as the mean of fa¬ 
ther and mother residuals. Air pollution 
varied according to the 24 areas and the 
seven cities (9). Since the primary purpose 
of the present analysis was to investigate 
the resemblance of town-adjusted lung 
function residuals of various household 
members exposed to the same pollution* air 
pollution will not be considered in the pres¬ 
ent report 

Correlations of lung function between 
household members were evaluated by the 
adjusted pairwise correlated method of 
Rosner (16). This method permit® the full 
use of all household members to compute 
the correlations between parents and chil¬ 
dren, while adjusting the test of signifi¬ 
cance for the intraclass correlations be¬ 
tween siblings, i.e., for the nonindepen¬ 
dence of the observations within a given 
household. A multivariate extension of this 
method (10) permitted adjustment of 
regression coefficients for the intraclass 
correlations among household members 
(especially siblings). Furthermore, it allows 
adjustment of intraclass correlations for 
various variables (such as environmental 
family characteristics). 

Tests of statistical significance of famil¬ 
ial correlations were one-sided, since the 
alternative hypothesis was that correla¬ 
tion® between parents and children or be¬ 
tween siblings were positive and not just 
different from zero (17). All other test® of 
significance were two-sided. In the multi¬ 
variate analyses of correlations, differences 
in interclass correlations were evaluated by 
the introduction of the appropriate inter¬ 
action terms in the models. 


roi 

w ji 


* 
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Table 1 

Characteristic* of sample of 945 households with two parents and one child, 
the French Cooperative Study PAARC 



M others 
(n- 945) 

Fathers 
(fi - 94 b) 

Girls 
<n - 657) 

Boys 
(a- 603) 

Age 

36.5 ± 5j9* 

38.9 ± 6.4 

8.8 ± 1.4 

8.8 ± 1.4 

Height (m) 

1.62 ± 0.05 

1.73 ± 0-06 

1.29 ±0.10 

1.30 ± 0.09 

Weight (kg) 

56.2 ± 7.9 

72.X ± 9.5 

27.3 ±6.1 

27.7 ± 6.4 

Body mass index 
(weight (kg)/beight (m)*) 

21.5 ± 2-8 

24.1 ± 241 

16.1 ± 2.1 

16.2 ±2.0 

Ponderal index 
(height (m)/Vweight (kg)*) 

42.3 ± 1.8 

41.7 ± 1.7 

43.3 ± 2.0 

43.3 ±1.9 

FVC (liter) 

3.29 ± 0.54 

4.47 ± 0.75 

1.73 ± 0.42 

1.84 ± 0.43t 

FEV, (liter) 

2.68 ± 0.53 

3.60 ± 0.71 

1.50 ± 0.40 

1.61i ± 0.40t 

FEFjv(liter/aec) 

2.97 ± 1.02 

3.82 ± 1.34 

1.92 ±0.79 

1.99 ±0.75 

FEV,/FVC 

0.81-4 ± 0.093 

0.804 ± 0.084 

0.867 ± 0.105 

0j872 ± 0.089 

FEF 2vti/FV C 

0.906 ± 0.284 

0.856 ± 0j275 

1.12 ± 0.39 

1.09 ±0.37 


• Mean ± standard deviation. 

t Companion between boys and girls (/ ttst),p < 0.001. 


Results 

The general characteristics of the study 
population are presented in table 1. Parents 
were relatively young, with a two-year dif¬ 
ference between fathers and mothers. Girls 
had significantly lower values than boys for 
FEVj and FVC but not for FEF^-t.s or for 
the ratios FEV j/FVC and FEF_>v^/FVC. 

The correlations for FVC, FEV,, and 
FEF 2 v- 7 i between children and parents and 
between spouses were significant (table 2). 
Correlations between children and mothers 
were higher than those between children 
and fathers, but statistical comparison was 
not possible because the data are not inde¬ 
pendent. Midparent-children correlations 
were similar to mother-children correla¬ 
tions. All intraclass correlations between 
siblings were significant. 

Tobacco smoking by parents had the 
expected effect of decreasing their own 
measures of lung function (except FVC (ta¬ 
ble 3». The strongest effects were observed 
for FETWt* in mothers' and^FEV, and 
FEFj^t* in fathers. 

Significant effects of maternal smoking 
mall measures of lung function in children 
(except FVC) also were observed (table 3); 
the strongest effects were observed for 
FEFjju-tJ Intraclass correlations were only 
slightly decreased after taking into account 


maternal smoking (table 3). Paternal smok¬ 
ing showed virtually no effect on level of 
function in children (table 3). 

The above data suggest that maternal 
tobacco smoking might partially explain 
patterns of familial correlations observed 
in table 2, i.e., maternal-children correla¬ 
tions greater than paternal-children corre* 
lations for FVC, FEV,, FEF^ts and midi- 
parent correlations closer to maternal 
correlations for these same measures. Re¬ 
striction of the analysis to those families in 


Table 2 

Familial correlations of lung fraction residuals, 
French Cooperative Study PAARC; 945 families, 
1.J60 children* 



FVC 

FEY, 

FEF^ W 

Between children 




and parents 
Mothers 

0.26* 

0.26 

0.21 

M»dparents+ 

0.29 

0.27 

0.23 

Fathers 

0.19 

0.15 

0.16 

Between spouses 

0.18 

0.20 

0.23 

Between siblings 

0.30 

0.34 

0.27 


• See Materials and Methods. All correlations be¬ 
tween children and parents (adjusted pairwise lest 
06)), between spouses, and between siblings are sig¬ 
nificant at the 0.001 level (one-sided): 

t Midparent residuals are the mean of falheT and 
mother residuals. 


... 
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FAMILIAL FACTORS AND LUNG FUNCTION IN CHILDREN 
Table 3 

Effect of parental tmoking on lung function level and resemblance between 
siblings, Frtnch Cooperative Study PAARC+ 



FVC 

FEV, 

FEF*.* 

Maternal smokingt 

Mothers’ hmg function! (amoking (gl/day)) 

-0,003 

-0,013* 

-0.024— 

Children’i lung function (smoking (g/day)) 

-0.002 

-0.010* 

-0.015** 

Intraclas* correlation (r)| 

0.30 

0.33 

0.26 

Paternal amoking} 

Fathers’ lung function! (amoking (g/dav»i 

-0.015— 

-0,019— 

-0.018— 

Children’* lung function (amoking (g/day)) 

-0.001 

-0.003 

-0.004— 

Intraclass correlation (r)| 

0.30 

0.33 

0.27 


t The method used five* adjusted regression coefficient* for the intraclaa* correlations and adjusted intraclass 
correlations for the variables included in the regression (10). 

t Eleven per cent of the mothers were current smoker* (11 ± 8 g/day); 58 per cent of the fathers were current 
smokers (17 ± 10 g/day). 

f Regression coefficients derived from regressions of parental smoking on height-, age-, town-, and (where 
appropriate) weight-adjusted residuals of lung function of parents and children. 

| All intraclass correlations between siblings are significant at the 0.01 level. 

1 Grams of tobacco. 

* p < 0.05. 

~P<0j01. 

— p <0.001. 

— p<0.10. 

which mothers never smoked (whether or a trend was observed in the magnitude of 
not the father was a current smoker) had the maternal-children correlations: 0.29, 
little effect on the pattern of parent-child 0.18, and 0.08 for mothers who had never 
correlations observed in table 2 (data not worked, mothers who had worked in the 
shown). Similar results were obtained when past, and currently employed mothers, re- 
the height-, age-, and town-adjusted resid- spectively. The difference in the correla- 
uals of the parents* function also were tions for mothers who had never worked 
adjusted for their current smoking by and those currently working was significant 
regression analysis and when these ad- (p < 0 . 01 ) , based on the significance of the 
justed values were used to compute the interaction term (current work • mother’s 
parent-children correlations. Inclusion of FEF 2 «-t* residual) in the regression of chil- 
the body build index of either the parents dren’s FEF ^75 residuals on the following 
or children in the analysis did not alter the variables: mother’s FEF^ts residual, cur- 
observed correlations between children’s rent work (yes ■ 1 , other « 0 ), past work 
lung function residuals and parental lung (yes « 1 , other * 0 ), current work • moth- 
fiinction residuals. The familial resem- er’s residual, and past work • mother’* re- 
blance was not abolished by looking within si dual. A nonsignificant trend was observed 
height/Vweight (ponderal index) or for FEVj, and no trend was observed for 
weight/height 2 (body mass index) parental FVC, 

quintiles. The influence of sociocultural factors on 

Maternal working status was invests the correlations of lung function between 
gated as an indirect measure of the moth- parents and children was investigated 
ers’ contact time with their children, through the evaluation of the effects of 
Among families with mothers who never parental education on these correlations, 
smoked, 264 children had mothers who had In general, levels of lung function were 
never worked, 230 had mothers who had lower for parents and children in house- 
worked in the past, and 334 had mothers holds with the least educated mothers (ta- 
who were currently working. For FEF^t*, hie 4), Intraclass correlations between sib- 



•■>=$jV, * 
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Table 4 

Effect of educational lei*! on lung function level and resemblance between siblings, SB] families with 
nonsmoking mothers, 828 children, French Cooperative Study PAARC+ 


Mean hint function retidu*l» 

FVC 

FEV; 

FEJV* 

Mother** lung function 
i Primary education v*. hight 

—0.15* 

—0.14**** 

-0.14—* 

Father*’ lung functions 

Primary education v*. tight 

-0.25" 

—0.27** 

-0.16* 

Children’* lung function 

Mother’* primary education v*, high* 

0.09 

-0.01 

—0.11 

Intracla** correlation (r) between sibling* 

0.29 

0.34 

0.24 


t Tbt method u*ed five* edju*ted regTtMion coefficient* for the intraclaa correlation* and adjusted intracla** 
correlation* for the variable* included in the recreation (10). 

$ Regression coefficient* derived from recreation* of education (high » 0, primary - 1) on reaidual* of lung 
function of parent* and children (eee Materials and Method*); 366 mother* and 323 father* had a primary level 
of education. 

| All intracla** correlation* are significant at the 0.001 level. 

•p< 0.05. 

•*p<0.01. 

< 0 . 10 . 


lings remained significant, after adjust¬ 
ment for maternal educational Itevel. 
Within strata of maternal education, all 
correlations between mothers and children 
remained significant, and, with the excep¬ 
tion of FEF^Tir, correlations between fa¬ 
thers and children were also significant. 

Sex of the children did not have a com 
sistent influence in parent-children corre¬ 
lations, although the correlations between 
girls and fathers were consistently higher 
than those between boys and fathers. 

When the sibling correlations were com¬ 
puted taking into account the sex compo¬ 
sition of the sibships, considerable varia¬ 
bility was observed (table 5), Correlations 
between brothers were substantially higher 
than those between sisters for FEFm-t*. 
The correlation for FVC was significantly 
higher between sisters than between other 
siblings, and that for FEV, was comparable 
between brothers and sisters. In opposite- 
sex sibships, correlations were consistently 
lower than for like-sex sibships (except for 
FVC); differences were significant between 
the correlations for brothers and for oppo¬ 
site-sex siblings. These results suggest that 
sex-specific growth patterns were an im¬ 
portant factor in the pattern observed for 
the correlations. 

Figure 1 presents the relation between 


‘■*Hb t? Jst*. -vwj c V 


FVC, FEV,, and FEF 2 vt 5 and age and 
height for girls. FEV, and FVC have a 
roughly linear relation with height. FEF^t* 
appears to increase nonlinearly, with a 
spurt beginning at about eight years of age. 
For boys (figure 2), all measurements of 
function appear to grow in an approxi¬ 
mately linear fashion until age 10, when 
there appears to be a further increase in 
FEF 2 .vti> without an accompanying change 
in FEV, and FVC. 

The ratios FEF^ts/FVC and FEV,/ 
FVC, potential measures of “dysanapsis,” 
that is, of the unequal growth of lung air¬ 
ways and parenchyma, were evaluated. Sib¬ 
ling correlations for the ratios (0.18 for 
FEVi/FVC and 0.14 for FEF^/FVC) 
were lower for these indices than were the 
correlations observed for FVC, FEV^ or 
FEFrwTfc (table 2). Similarly, for opposite- 
sex sibships, there was virtually no intra- 
class correlation for FEF Z s-t&/FVC. To fur¬ 
ther explore the relations noted in figures 
1 and 2, regressions of FEV,/FVC and 
FEF^,*/FVC on height were carried out 
for seven different age-Bex categories (fig¬ 
ure 3). For males, the coefficients for height 
for FEF 2 V 7 */FVC, and to a lesser extent for 
FEV,/FVC, had significantly negative val¬ 
ues up to the age range 87-96 months. 
Although only one of the regression coeffi- 
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Table 5 

Introciaxs correlations of lung function residuals, by sex of the siblings, French Cooperative Study PAARC 
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Figure 1 . Lung function according to height and 
age for 557 girU, French Cooperative Study PAARC. 
Height was divided into 18 categories of approximately 
equal numbers of girls. Lung function values plotted 
are the median values of each height category, and 
median age values are figured on the graph. FVC and 
FEVi are expressed in liters, FEF*_ n in liters per 
aacond. 

cients for height was significantly different 
from xero for girls (age range 96-105 
months, p - 0.07), all were positive until 
ages 114-123 months. If height is taken as 
an index of growth, the negative coeffi¬ 
cients for males indicate that over the en¬ 
tire age range studied, but especially tip to 
the range of 96-105 months, FEFj^ts i* 
growing at a slower rate than FVC* 

The effect of the above differences in 
growth of lung function on the familial 
correlations is presented in table 6. Among 
girls, the correlations with maternal hong 
function increase in the age group 96-114 
months for FVC and FEF*^?*. In the same 


H I I 6 M T (.) 

FIGURE % Lung function acccording to height and 
age for 603 hoys, French Cooperative Study PAARC. 
Height wes divided into 18 categories of approximately 
equal numbers of boys. Lung function values plotted 
ere the median values of each height category, and 
median age values art figured on the graph. FVC and 
FEV} ere expressed in liters, FEF*.<r» in liters per 
second. 

age group, there is an increase in the cor¬ 
relations with fathers’ FVC and FEV t . 
Among boys, the increase in the correlation 
with mothers’ lung function occurs in the 
oldest group (>114 months) for FVC; the 
increase in the correlation with maternal 
lung function occurs in the middle age 
group (96-114 months) for FEF»-7*- 

Discussion 

The present investigation focuses on the 
factors that contribute to familial resem¬ 
blance in lung function as observed in a 
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population-based cross-sectional study. As 
in previous investigations (1-3)* familial 
resemblance has been observed, and the 
magnitude of the resemblance is similar to 
published results. In contrast to past inves¬ 
tigations, the current work has made a de¬ 
tailed study of the extent to which a wide 



AGE (months) 

Figure 3. Sex-specific dysanaptic growth, French 
Cooperative Study PAARC. Dysanaptic growth refers 
to a disproportionate growth of airways and paren¬ 
chyma. *, p < 0.05; +, p < O.IOj 


variety of intrinsic (e.g., age, sex, height, 
patterns of growth of lung function in chil¬ 
dren), environmental (e.g. t parental smok¬ 
ing); and sociocultural (e.g., parental edu¬ 
cation) factors might be responsible for the 
familial resemblance observed. These fac¬ 
tors have been taken into account in the 
analysis of the familial structure of the 
data. 

The performance of an unacceptable 
tracing among children was associated with 
younger age, reported by others (18), and 
to a low maternal educational level. Famil¬ 
ial resemblance in lung function was stud¬ 
ied for age-adjusted indices and persisted 
after taking educational level into account. 
Therefore, exclusion of subjects with un¬ 
acceptable tracings is unlikely to have se¬ 
riously biased the estimation of the resem¬ 
blance. 

The extent to which familial resemblance 
in lung function is primarily a reflection of 
the tendency for family members to have a 
similar body habitus has been a source of 
controversy (2). Lebowitz et al. (6) did not 
observe aggregation of pulmonary function' 
after adjustment for ponderal index 
(height/ 3 Vweight). Body habitus (ponderal' 
index or body mass index) did not affect 
the magnitude of the parental-children cor¬ 
relations for FVC, FEVi, or FEF^-ri in the 
present work. 

A factor that might account for some of 


Table 6 

Correlations of adjusted lung function residuals between parents and children, by eex and age of the children, 

French Cooperatiue Study PAARC* 


Sex and age (months) 

FVC 


FEV, 


FEF*_„ 

Mother* 

Father* 

Mother* 

Fathers 

Mother* 

Father* 

Girls 

66-35 (n - 159) 

0.14 

o.iot 

0.26 

0,041 

0.13 

0.15 

96-114 (n - 188) 

0.30 

0.22 

0.30 

0.21 

0-28 

013 

115-132 (n - 210) 

0.28 

0.22 

0.21 

0.22 

0.30 

0.23 

Boy* 

66-95 (n - 186) 

<hl8 

0.14 

0.17 

0.17 

0.07t 

0.13 

96-114 (n - 185) 

0.13 

0.20 

0.25 

0.10t 

0.20 

0.15 

115-132 (n - 222) 

0.41 

0.18 

0.33 

0.11t 

0-23 

0.12 


• All correlation* of children with mother*’ residual* in the oldest age group were higher, at least at the 0.10 
I level, than correlations in the youngest age group, except for FEV, among girls, for whom the increase in 

1 correlation coefficients was significant with fathers’ value* (Fisher’s r test), 

t Not significant at the 0.05 level (one-sided test). 
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the divergence in the results related to body the basis of the growth data in figures 1-3. 
size is the different pattern of growth in This explanation cannot easily be invoked 
lung function observed between boys to account for the pattern of correlations 
and girls. Different patterns of airway- forFVC. However, in the case of FEV\, the 
parenchymal-somatic growth relations in near identity between same-sex sibships 
the two sexes have already been described would be expected, as would a decrease in 
by Pagtakhan et ah (19). They reported magnitude for opposite-sex sibships. The 
that among girls a rapid growth of smaller results may also explain, in part, the small 
airways which outgrows lung development correlations in opposite-sex sibships ob- 
during somatic growth seems to occur be- served by Higgins and Keller (1) and Devor 
fore puberty. In the present study, as indi- and Crawford (23), although in the former 
cated in Figures 1-3, girls aged 6-10 years study subjects were generally older than in 
showed a pattern of increase in lung func- the present work (age data are not given in 
tion measurements characterized by a more the study by Devor and Crawford). The 
rapid growth rate in flows (FEF 2 6- 7 ft) rela- pattern of correlations between 5.5 and 40 
; tive to volumes (FEV U FVC) up through years of age according to the data of the 
ages 8.75 years, with a “spurt” in flow PAARC and Tecumseh studies suggests 
growth at about age eight years. Such mid- that maternal factors, prenatal or postna- 
growth spurt has already been noticed for tal, have a substantial effect on the phe- 
j various indices such as height (20) or chest notypic expression of lung function for girls 
j circumference (21). In contrast, boys and boys through the mid-teenage years, 
showed growth of FEFss-ts that was rela- During the teens, the 6ex-specific environ- 
tively slower than that observed for vol- ment of children^ partly derived from their 
umes, but which progressively increased parents, exerts increasing effects. By adult- 
over the age range 6-10 years (Figure 3). hood, children do not generally share a 
When parent-child correlations were cal- common environment with their parents, 
ciliated for the different growth stages of in which case, the influence of their per- 
the children, increases were observed in the sonal environment increases the variability 
correlations, particularly for maternal- of lung function and thus reduces the ftp- 
child correlations. Such temporal variation parent magnitude of the familial effect (1). 
in Familial resemblance is well known dur- Investigation of parental smoking habits 
ing the pubertal spurt for factors markedly revealed" thaEt^mge% height-^ town-,*"and, 
genetically determined, such as height (22). where appropriate, weight-actuated levels 
Failure to take into account the heteroge- of lung function in children: wereaigniFi- 
neity in the parent-children correlations cantly:)owe£fr children with mothers who 
| according to growth patterns, especially in amoved (table 3). No effect was seen for 
small samples, could account for some of paternal smoking. These results are cons is- 
the previous divergence in the published tent with other reported data (18, 24-27). 
results. Furthermore, ainc^ French motherswbo 

For all measures of lung function evalu- smoke generally belong to alftgKer educa- 
ated, correlations in like-sex sibships were tional group and French fathers who smoke 
always higher than those observed for to a lower educational group (11X the effect 
opposite-sex sibships, which further sup- of maternal smoking as well as the lack of 
ports the influence of the growth phenom- association with paternal smoking are un- 
ena on the pattern of observed correlations, likely due to social class confound- 
Tbe observation that there was a distinct ers. Recently, a significant effect of pater- 
trend toward a decrease in the magni- nal smoking on children’s lung function 
j tude of the correlations for FEF 2 »- 7 » end values was reported, but these children 
FEF^ts/FVC from male-sex sibships to were older (8-16 years) and lived in 
i opposite-sex sibships would be expected on crowded homes (28). 
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As expected, mothers who smoked had a 
lower body mass index. Therefore, adjust¬ 
ment for maternal ponderal index may lead 
to an underestimate of the effect of mater¬ 
nal smoking. Furthermore, if a low body 
mass index relates to a susceptibility among 
smokers (possibly genetically controlled) to 
lower hmg function (29, 30), adjustment for 
maternal body mass index may lead to an 
underestimate of resemblance (in terms of 
lung function) between mothers and chil¬ 
dren. In the present study, associations be¬ 
tween children’s lung function and mater¬ 
nal smoking persisted after taking into ac¬ 
count the nonindependence of siblings, 
which confirmed and extended the^resuhs 
of Burchfiel et aim Tecumseh (31). 

A greater time spent by the ( mother with 
the young child is a possible explanation of 
the effect observed with maternal smoking 
(26, 27): Supporting this hypothesis is the 
stronger influence of mother’s smoking 
than of father’s smoking on children^ sal¬ 
ivary cotinine (32). Maternal smoking dur¬ 
ing pregnancy also may have some effect 
on lung development that carries over into 
early childhood: This would be consistent 
with the growth-retarding effect on fetus 
rats in relation to maternal smoking (33) 
and to the effect of maternal smoking on 
height (34). No direct estimate of maternal 
smoking during pregnancy was available in 
this study, nor were enough mothers ex¬ 
smokers to evaluate this point indirectly. 

For most of the children, the mother was 
present when the spirometric exam was 
performed, but this does not explain the 
higher correlations observed with the 
mothers because the same pattern was ob¬ 
served when the father was present (4)* The 
proximity of the mother, indirectly assessed 
by heT working status (never, past, current) 
suggests that, independent of smoking, 
correlations for FEF^?* between children 
and mothers are markedly influenced by 
proximity and, therefore, by postnatal 
factors. An alternative explanation of this 
Finding might be the existence of 
important factors modifying maternal 


FEF^r* among working mothers, but no 
significant association has been observed 
in the PAARC population between occu¬ 
pational exposures and FEF^w among 
women (35). 

In conclusion, the results suggest that 
growth patterns and their particular char¬ 
acteristics for each sex appear to be critical 
factors in the study of familial resemblance 
of lung function. 
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A Critical Analysis of the Relationship Between Parental 
Smoking and Pulmonary Performance in Children 
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Kritbche Analyse des Zusamroeohangs 
zwiscben den Rauchgewohabehea der Eton 
and der Langenfunktioa der Kinder 


Bis heute sind mindestens 24 Arbeiten fiber 
epidemiologische Studien erschienen, in denen die 
Wirkung derzeitiger Oder lebenslanger Rauchge- 
wohnheiten der Eltem auf die Lungenfunktionsparameter 
ihrer Kinder untenucht wird. In diesen Studien, die sich 
alle im Ansatz ihneln, wurden die Daten fiber die elterii- 
chen Rauchgewohnheiten und weitere Angaben, die mil 
Hiife standardisierter Fragebogen erminelt worden waren, 
mit spirometrischen Messungen bei den Kindem statistisch 
verglichen unter Berficksichtigung des Rauchematus der 
Eltem. Eine Obersicht fiber diese Arbeiten zeigt tine An- 
zahJ von Widerspruchen bezfiglich des Zusammenhangs 
zwiscben dem Rauchematus der Eltem und den Lungen- 
funktionsparametem der Kinder (FEVi oder FEVojs* 
FEF 25 - 75 , FVC und \m*x 50 %). 

Bei der Interpretation der Ergebnisse sollten 
eine Anzahl Faktoren in Erwigung gezogen werden, insbe- 
sondere im Hinbiick auf die festgestellten Widersprfiche 
sowie in Anbetracht der Tauache, dafi die Kinder 
ausschlieBlich nach den durch Fragebogen ennitteiten 
Daten eingestuft wurden. Dazu gehOrtn das Miflklassifika- 
tionsbias, wodurcfa die Wirkung des eheriichen Rauchens 
entweder unter* oder fiberbewertet wird, der 
soziobkonomische Status, weitere Variablen sowie 
genetische Faktoren. Femer mfissen die Wirkung des Rau¬ 
chens wihrcnd der Schwangerschafi und der Sdilzeit und 
die Tabakrauchexposition des Kindes als mbgliche Ursa- 
chen einer meBbarm Venninderung der Lungenfunkdon 
bei Kindem in Erwigung gezogen werden. 


Summary _ 

To date, at least 24 epidemiologic research 
papers, of essentially similar design, have been published 
on the effects of current or lifetime parental smoking on 
pulmonary function parameters in children. In these 
studies, parental smoking and other data obtained from 
standardized questionnaires and spirometnc measure¬ 
ments in children were compared statistically according to 
the smoking status of the parents. A survey of these reports 
-reveals a number of inconsistencies in the association be¬ 
tween parental smoking status and pulmonary function 
parameters (FEVi or FEV& 75 , FEF 25 - 75 , FVC, and 
Vau50H>in the child. 

A number of factors should be considered 
when interpreting the results of these studies, particularly in 
light of the observed inconsistencies and the fact that chil¬ 
dren were classified solely on the basis of questionnaire 
data. Among these are sources of misdassification bias, 
/which could either underestimate or overestimate parental 
smoking effect, socioeconomic status, other variables, and 
genetic factors. Also, effects of maternal smoking in useroot 
on lactation, as well as exposure of the child to environmen¬ 
tal tobacco smoke (ETS), need to be considered as possible 
causes of any apparent decrement in pulmonary function in 
^children. 

Keywords; _ 

Parental smoking - Maternal smoking - Pass¬ 
ive smoking - Involuntary smoking - Environmental 
tobacco smoke - ETS - Pulmonary function - Children 
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The Committee on Passive Smoking of the 
National Research Council, National Academy of Sciences 
(1986) and the Surgeon General of the United States (1986) re¬ 
cently reviewed evince suggesting an association between 
parental smoking and increased incidence of respiratory 
symptoms and disease in young children. Currently, it is un- 
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dear whether this effect is due to environmental tobacco 
smoke (ETS) exposure or reflects other factors, such as m uxero 
effects of maternal smoking or transmission of infection from 
parents and/or siblings to the child. Effects of parental smok¬ 
ing on volume-flow indices of pulmonary function have also 
been examined. Such studies in children are of particular inter¬ 
est because developing lungs may be more sensitive to the ef¬ 
fects of environmental pollutants, while exposure to ETS may 
be particularly interne in children, who may spend 60-80% of 
their time indoors (Binder etaL 1976). 
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T»b*e 1 Studies of the Effects on Parental Smoking on Pulmonary 
Function in Normal Children 


Published study 

Source of 
subjects 

No. subjects 
(ages) 

1 . 

Taperetal. 1976 

East Boston, Mass. 

140 

(5—3ly) 

2 

Taperetal. 1979 

East Boston, Mass. 

261 

(5-19y) 

3 

W§iss%{ al. I960 1 

East Boston, Mass. 

238 

<5—lOy) 

4 

Taperet al. 1983*" 

East Boston. Mass. 

715 

H-28y) 

5. 

O Con/wet a! 1987 

East Boston, Mass. 

265 

(6-21 y) 

6. 

Ware etal. 1984 

Six U S cities 

7.112 

(6~9y) 

7 

Berfcey etai. 1986 L 

Six U S cities 

7.834 

(6-10y) 

8. 

Hasse/b/ade tal 1981 

Seven U. S areas 

16.689 

<6-13y) 

9. 

Tasrtk/netal 1984 

Los Angeles, Cal. 

971 

(7-17y) 

10. 

Ekwoetal. 1983 

Iowa City, la. 

183 

(6-12y) 

lit 

Veda/etal.1984 

Wastem Pa. 

3.175 

(5-14y) 

12. 

Sp/nacretal. 1985 

Turin. Italy 

2.385 

(11y*)i 

13. 

Chen and L/1986 

Shanghai. China 

571 

(9-16y) 

14. 

Burchfle/etalJ 1986 

Tecumseh, Mich. 

591 

(10-19y) 

15. 

Tam#//and 





Sf. Leper 1979 

Cardiff. Wales 

214 

(7-11y) 

16. 

Tecu/esco etal 1986 

Vandouvre, France 

92 

(10-I6y) 

17. 

Tsimoyttnis et al. 1987 

Nassau County, N. Y. 

193 

(12-17y) 

18. 

Ledowrtz etal. 1987** 

Tucson. Anzona 

353 

(5.5-25y) 

19. 

Leeder at aJ. 1976 

London, England 

454 

(6y) 

20. 

$ch////npftal. 1977 

Three U. S. cities 

816 

(7-1 By) 

21. 

Speizeret al. 1980 

SixU. S. cities 

5.842 

(6—lOy) 

22. 

Dodpe1982 L 

Three Arizona towns 

472 

(B-lOy) 

23 

Lebow/tzttaJJ 1984 

Tucson, Arizona 

271 i 

(13,5y“) 

24 

Lrtowrtz 1984 

Tucson, Arizona 

24 

(4—24y) 


L Indicates longitudinal study, otherwise cross-sectional 

“Average age 


Basic Design and Results of Pulmonary 

Function Studies in Children 

To date, at least 24 epidemiologic research 
papers, of essentially similar design, have been published on 
the effects of current or life-time parental (or household) 
smoking on pulmonary function in children (Table 1), In these 
studies, parental smoking and other data were obtained from 
standardized questionnaires, usually derived from or similar 
to the British Medical' Research Council questionnaire. 
Spirometric measurements obtained in the children, usually 
normalized, were compared statistically according to the 
smoking status of the parents. Most of these studies have been 
cross-sectional in nature, although four have been longitudi¬ 
nal, with the particular objective of assessing ETS effects on 
lung growth and development (studies 4,7,18,22). 

Table 2 presents the results of the findings of 
these studies as they relate to the effects of parental smoking on 
two commonly used pulmonary function parameters, forced 
expiratory volume in the first (or 0.75) second (FEV| or 
FEVo 7 s) and forced expiratory flow between the first and last 
25 % of the forced vital capacity maneuver (FEF 25 - 75 ). Of 21 
studies which measure FEVi or FEVo ts, 11 report a small 
( £ 7%) decrement in this parameter (studies 1,4-8,12-16) as¬ 
sociated with parental (usually maternal) smoking, while 10 
do not (studies 2, 3, 9-11,18,20-23). Of the 11 studies measur¬ 
ing FEF 23 - 75 , 8 report a decrement in this measurement in 
children of smoking parents (usually mothers) (studies 2,3,5, 
9,11,13,15,17) while 3 do not (studies 4,10* 12). 

In 10 of these studies, the effects of parental 
smoking on both FEVj (or FEV 0 . 75 ) and FEF 25-75 in children 
• were measured simultaneously (Table 2). A concurrent 


Tabte 2 Effects of Parental SmokinQ on FEVi (FEVo 75 ) and 
PEF25-7S in Normal Children 


Study 
Number 0 

Effects on 

FEVi or FEVo n 

Effects on 
FEF 2 S- 7 S 

Comments 

t. 

deer.* 

not reported 

males only 

2 

none 

deer. 

change not 
statist, signif: 

3 

none 

deer" 


4.. 

deer. 7%* 

none 

decrement in 
kmg growth over 

5 years 

5. 

d*cr 5-7 %* 

deer. 14-15%* 


6. 

deer. 0.6-0 9%* 

not reported 


7. 

6 . 

eJ*cr, 0,85%’ 

not reported 

predicted decre¬ 
ment in lung 
growth over 

5 years 

d»cr. 0.5-20%- 

not reported 

m*«5ur*d 

FEVots 

9. 

none 

d*cr. 2.5%' 

effect in females 
(12-I5y) only 

10. 

none 

none 

increased re¬ 
sponses to iso¬ 
proterenol 

11. 

none 

decr.4%* 

measured 

FEVots; 
females only 

12. 

deer. 

none 

data not pre¬ 
sented 

13. 

deer. 3% 

deer. 6% 

assoc, with 
paternal smoking 

14. 

deer. 4-5% 

not reported 

males only 

15. 

deer. 3%:* 

deer. 12 %* 

measured 

FEVo 75 ; females 
only; no statisti¬ 
cal testing per- 
formed 

16. 

deer. 5% 

not reported 

males onfy; deer, 
attributed to 
taller children in 
smoking group 

17 

not done 

deer. + 

not statistically 
significant; baaed on 
ihcreaaed incidence 
of children with 
FEFa-rslaas 
than 70 % pre¬ 
dicted value 

18. 

none 

not done 

suggested effect on 

VmwSOX/FVC* 

19. 

not done 

not done 

measured peak 
flow* 

20. 

none 

not reported 


21. 

none 

not reported 


22, 

none 

not reported 

measured yearly 
lung growth rates 

23. 

none 

not reported 


24. 

not done 

not done 

measured peak 

ftows**’ 


* Numbers correspond to those in Table 1 1 

Associated mainly or exclusively with maternal smoking 
+ Associated wrth household tobacco use 


decrease in both parameters in children of smoking parents 
was reported in 3 studies (5, 13, 15). Two studies reported a 
decrease in FEVi without a decrease in FEF2S-75 (4 and 12), 4 
studies reported the converse situation (2,3,9, M), and 1 study 
(10) reported no effect on either parameter. 
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Table 3 ‘Dose “-Related Effects of Parental Smoking on Pulmon¬ 
ary Function in Normal Children 


Study 

Number -1 

Parameter 

Vanes with the no. of 

Cigarettes Smokers 

1. 

FEVi 

yes 

not evail. 

4. 

FEVi 

not done 

no 

6. 

FEVi 

yes 

no/yes c 

7. 

FEVi 

yes 

yes d 

8 

FEVots 

yes 

no 

13. 

FEVi 

y*» k 

y* 3 * 

14. 

FEVi 

yes* 6 

yes* 6 

15. 

FEVots 

no 

not avail. 

2. 

FEF 2 S -75 

not done 

yes* 

3. 

FEF»-75 

not done 

yes 

9 

FEF»-7S 

no 

not evail. 

11. 

FEF 2 S -75 

no 

no 

13. 

FEF25-75 

yes 

yes 

15. 

FEF25-7S 

yes 

not availJ 


* Numbars correspond to those in Table 1 

# Concluded on the basis of trends 
b Malas only 

c In Vof 2 examinations affact was proportional to numbar of 
amokara. 

6 Proportional to numbar of smokars for FEV lava), not for 
pulmonary growth rata 


Table 4 Effects of Parental Smoking on FVC, PEFR, and Vmu »\ in 
Normal Children 


Study Number* 

FVC 

PEFR 

Vmo 50% 

5. 

none 



6. 

incr. 



7 

none 



9. 

none 


d«:r. e 

to. 

none 

none 

none 

11. 

Incr. 



12. 

none 


none 

14. 

deer.* 


deer. 6 

15. 

none 



16. 

none 


deer* 

17. 

none 



18. 

incr. 


none 

19. 


none 


20. 

none 

none 

deer 6 

21. 

Incr. 



23. 

none 


none 

24 


none 



* Numbers correspond to those in Table 1 1 

• Males only 

6 Females only 

c Males. 7-1 ty; females, 12-17y 


i 

V .... 


A number of the papers report the results of 
studies done at different times on the same population of 
children (studies 1-5 and studies 6*7,21), and reveal incon¬ 
sistent effects on both parameters, examined either separately 
or concurrency. Three studies lack statistical verification of 
the significance of the effects observed (studies 2,15,17). In 
some of the studies, effects are noted in one gender of child and 
not the other (studies 1, 9, 11, 14-16). In two reports, there 
were no apparent effects on FEVi, or FEF 25 - 75 , but effects on 
other pulmonary function parameters were noted (studies 10, 
18). 

Table 3 presents the reported dose-response re¬ 
lationships between these pulmonary function parameters in 
children and quantitative estimates of tobacco smoke expo¬ 
sure. FEVj (or FEVars) wied inversely with the number of 
cigarettes smoked by the parent in six of seven studies (1,6,7, 
8,13,14, 15) and with the number of household smokers in 
four of six studies (4,6,7, 8,13,14). FEF 2 S -75 varied inversely 
with number of cigarettes smoked in two of four studies (9,11, 
13,15) and with the number of household smokers in three of 
four studies (2, 3 # II, 13). An inverse dose-related effect as¬ 
sociated with the number of cigarettes smoked was usually, 
but not always, accompanied by an effect associated with the 
number of smokers, where both types of observation were 
made. 

Other pulmonary function parameters in 
children have also been examined with respect to effects of 
parental smoking in some of the studies (Tabic 4). Of the 15 
studies which present data on forced vital capacity (FVC); 
parental smoking is associated with an increase to this parame¬ 
ter in four (6,11,18,21), a decrease in this paruseter in males 
in one (I4X and no change in the remainki 3 <Cri ■: xdies (5,7,9, 
10; 12,15-17,20, 23). No association between expiratory 

flow rate (PEFR) in children and parental smekiag was found 
in the four reports which hive mesrW 3b parameter 
(studies 10, 19, 20, 24). When other noraiii a s have been 


measured, the findings from one study to the next have either 
been inconsistent, as in the case of Vmu 50 % (Table 4), or have 
been insufficiently replicated to assess the degree of con¬ 
sistency. 

A small number of studies have examined the 
effect of parental or household smoking on pulmonary func¬ 
tion in asthmatic children. Three studies report no apparent ef¬ 
fect of parental or household smoking on baseline pulmonary 
parameters, such as FEVi, FEF25-75, or PEFR, in asthmatic 
children (Tashkm et al. 1984 (study 9J); Evans et al. 1987; 
O Cwworetal. 1987 [study 5D. On the other hand, Murray und 
Morrison (1986) report that maternal smoking is associated 
with a 13 % decrease in FEVi and a 23 % decrease in FEF 2 S -73 
in asthmatic children. In addition, these investigators ob¬ 
served a fourfold increase in the bronchoconstrictor response 
to histamine in asthmatic children with smoking mothers. 
Similarly, O'Connor et al. (1987) (study 5) suggest a hyper- 
responsiveness (ie., increased bronchoconstriction) in asth¬ 
matic children of smoking parents to cold air bronchial chal¬ 
lenge although, as stated above, no decrement in baseline 
function was observed in this group. Ekwo et al. (study 10) re¬ 
ported increased bronchodilatation in response to isoprotere¬ 
nol in nonasthmatic children of smoking mothers. The signi¬ 
ficance of these various observations regarding bronchial re¬ 
sponsiveness remains to be determined. 

Factors Influencing the Outcome of Studies 

Relating Parental Smoking to Pulmonary 

Function in Children 

' The majority of the 24 studies reviewed aboj» 
(1-18) conclude that p 4 rtntaI(tirtiaDy maternal) smoking pro¬ 
duces decrements in pulmonary function in childAn. 
However, as pointed out in the preceding section, inconsist¬ 
encies exist in the specific parameters examined, both between 
different sample populations and within the same sample 
population. In the absence of biologic markers (Jarvis et aL 
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*.1985} ck s^>me other method of verification, the validity of the 
questionnaire exnosurt oau in these studies remains to be de- 
iermin.Fi ana is. at least, opinio’someiznoeraimy. In “addi¬ 
tion, several Uctors an influence the mutts ~of such studies 
either ‘‘positively” or “negatively”, and hence, may contribute 
to some of the inconsistencies observed in the data. Among 
these factors are misclassification bias, socioeconomic status, 
and other variables. 

Misclassification Bias 

Misclassification errors in the assignment of 
subjects to groups can create bias that cither diminishes or ex¬ 
aggerates effects. One source of misclassification bias is er¬ 
roneous reporting of parental smoking status. It has recently 
been estimated that as many as 5 per cent of the respondents in 
epidemiologic studies who claim to be never smokers are 
either current or ex-smokers (Committee on Passive Smoking, 
1986). Under these circumstances, a child of a misetassified 
smoker or ex-smoker will be incorrectly classified into the non¬ 
smoking or never smoking parents group, thereby leading to 
an underestimation of parental smoking-related effects. Simi¬ 
lar misdassi/ication bias can result from a change of partntal 
smoking status. It has been reported that smoking status may 
change at a rate of 1.25 to 2.5 % per year ( Berkey et al. 1986 
[study 7 J). In studies where subjects are dassified on the basis 
of current parental smoking (studies 4-12. 14, 15. 18, 20, 22) 
rather than lifetime exposure (studies 1, 2, 13, 19, 23), this 
would also result in the unexposed group containing mis- 
dassified exposed children^ which would also tend to under¬ 
estimate parental smoking-related effects. Over an extended 
period of time, the amount of misclassification error due to 
change of parental smoking status could be substantial (e. g., 
as high as 15 % in a study of 6 yean in duration). 

Another source of misclassification bias is lack .. 
of consideration or underestimation of active smoking in" 
children. Keriganetili (1986) recently estimated that 24% of 
the children between the ages of 8-13 yean in a cohort in 
Hamilton, Ontario reported a history of smoking. A progress¬ 
ive increase in smoking occurred with age, such that at 13 yean 
of age 50% of the children had smoked, with a significant pro¬ 
portion having smoked in the preceding 4 weeks. Other stu¬ 
dies estimate tobacco use by children ranging from 2 % or less 
(studies 6, 7,1 1-14,23) to up to26% (studies 1-3, 5,9,17). It 
has been noted that childhood smoking impairs pulmonary 
performance ( Tbjeret al. 1 979 [study 2 D; Ubowiati al. 1987 
[study 18 ]). If, as has been implied, there is a greater likelihood 
that smoking parents will have smoking children (Committee 
on Passive Smoking, 1986 ; U.S. Surgeon General, 1986; Ec¬ 
ho*!/* et al. 1987 [study 18); O 'Connor tt Ml. 1987 [study 51), 
then this form of misdassificabon would lead to an overesri- 
tnadon of parental smoking effect 

Treatment of active smoking in children varied 
among the 24 epidemiologic studies reviewed herein. Al¬ 
though some of the studies obtained estimates of childhood 
active smoking, usually by questioning children in the absence 
of their parents (studies 1-7, 9, 11-14, 16-17, 20, 23), it was 
generally assumed, without specific verification, that children 
below a certain age were nonsmokera. Depending on the par¬ 
ticular study, this age ranged from 9 yean (studies 6,7,11) to 
up to 15 yean (studies 9, 14, 23). In some studies smoking 


children were excluded from the data base (studies 2,4,5,7,9, 
11,13,14,16-18,20,23), while in others they were not (studies 
1,3,6,8,10; 15,19,21,22). In one study, the authors suggested 
that active smoking in children could account for the apparent 
effect of maternal smoking on pulmonary function in girls 
aged 12-17 yean (Taskkin et al11984 (study 9 J). 

Socioeconomic Status (SES) 

" It has Oven known that the pievaJence of par¬ 
ental smotung is inversely related to family income and posi¬ 
tively correlated with a number of SES-related facton that 
potentially can adversely influence childhood pulmonary 
/unction, such as poorer outdoor air quality, increased paren¬ 
tal coughing, higher gas stove usage. Sequent change of 
address, and lower per capita living spacer tCerigantl al. 1986): 
Furthermore, pulmonary w»i performance in children ap¬ 
pears to be influenced by SES, learning, and motivation 
(Btrktyx: tai. 1986(study7J; Dockerytttl. 1983; Kerigan etaJ. 
1986; Warttx tX. 1984 (study 6D- Conceivably, active smoking 
in children, a source of bias discussed above, may also be in¬ 
versely related to SES. 

Appropriate correction for SES is a matter of 
debate but appears complex. Among the factors proposed by 
Crten (1970) as components of an SES adjustment of a data 
base in health-related studies are education, income, occupa¬ 
tion and ethnicity. In addition, he has suggested that maternal 
education is more important than paternal education. Some of 
the studies reviewed here included adjustments for SES (stud¬ 
ies 1-4,6-8,11-14,19-21,23), but others did not (studies 5,9. 
10, 15-17, 22). However, even where adjustments for SES 
were made, the procedures were not as rigorous as those pro¬ 
posed by Grten. For example, one method of correction for 
SES was based on the average educational attainment of both 
parents (less than high school, high school, more than high 
school) (studies 6 and 7). Such an adjustment cannot discrimi¬ 
nate between a household in which both parents have 
achieved a modest level of education and one in which one 
parent was highly educated and the other was not Further¬ 
more, h may be extremely difficult, solely on the basis of rela¬ 
tively crude estimates of SES, to adjust for SES-related factors 
that may influence respiratory performance and health, such 
as family attitudes and practices with regard to nutrition, exer¬ 
cise, ard stress management. 

Other Factors 

Although statistical significance is generally 
assumed to reflea t real or treatment effea and the garish cal 
methodology is presumed to minimize the possibility of 
chance effects, statistically significant differences can still be 
due to uncontrolled facton (biases) and/or chance variation 
{Ingiefmgtrt t al 1983). It has been shown that mean pulmon¬ 
ary performance within a single group of children can vary sig¬ 
nificantly from one spirometry test to the next (Kerigan et al. 
1986) without any apparent a use. It is noteworthy that such 
statistically significant differences are similar in magnitude to 
most of the small decrements in pulmonary function (gen¬ 
erally S 5%) reported in children of smoking parents. 
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Among the other factors which could have in¬ 
fluenced the outcome of the above epidemiologic studies are 
outdoor air quality, home heating, air conditioning and 
humidity, and occupational exposures (which can be a factor 
in older children). These may or may not be related to SES. 
Several studies have noted familial aggregation of pulmonary 
performance (Tagir t t at 1976 [study 1]; Lebowint t ai. 1984 
[study 23]: %i/u and Keller ; 197$; and Lewitter tt al. 1984) 
suggestive of a genetic relationship. Lebowitz et al. (1984 
(study 23 ]) found that adjustment for a genetic variable, body 
habitus, eliminated any apparent association between ma¬ 
ternal smoking and pullnonary performance in children when 
comparisons were made on the basis of parent-child pain. 

Another issue relates to the mechanism(s) re¬ 
sponsible for an effect of maternal smoking on pulmonary 
function in children. Attribution of such an efFect to ambient 
ETS is presumptive and should not preclude other important 
considerations. For example, it has been reported that smok¬ 
ing during pregnancy adversely affects growth and develop¬ 
ment of offspring (,46*4 1980) and that maternal smoking may 
influence lactation (Nyboe-Andersen et al. 1982). Therefore, 
the possibility that effects of maternal smoking on a child's 
pulmonary function are mediated by m uiero or lactational 
mechanisms should also be considered. The findings of two 
studies are consistent with this possibility (Stem et al. 1987; 
Yamell and St. Leger , 1979 [study 151). 

The dose-response relationship between some 
pulmonary function parameters in children and amount of 
parental smoking and/or number of smokers in the household 
is an extremely important criterion and requires further exam¬ 
ination! Although the available dose-response data are con¬ 
sistent with an efFect of ETS, they are also consistent with the 
alternative possibilities of childhood smoking, socioeconomic 
sums, and in uiero and/or lacutional mechanisms. Smoking 
among children may be more likely to occur where parents are 
heavier smokers and/or where there are more smokers in the 
household Socioeconomic factors affecting pulmonary func¬ 
tion may relate quantitatively as well » qualitatively to par¬ 
ental smoking. It is also probable that mothers who smoke 
more postnaully smoked more during pregnancy and lacu- 
tion. 

Summary tad Coachakm _ 

There are a number of factors that roust be con¬ 
sidered in evaluating the published studies dealing with par¬ 
ental smoking and pulmonary function in children, especially 
in light of the various inconsistencies noted here in the re¬ 
ported dau. These indude sources of misdassificaoon bias, 
socioeconomic sums and other variables, and genetic factors. 
Consideration must also be given to in uiero and lacutional 
mechanisms, in addition to ambient ETS, as possible explana¬ 
tions of the findings. 
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Buchbesprechungen 


Ebel. S.. J. Roth (Hrsg:): Inftwi 4er Pfcarsazfc. 
SotdtettMgabt. Bearbeitet von 17 Autorrn. 1987, X, 704 2177 For- 

roeldameilungen und Abb. (Georg Thieme Verlag Sfurtgart • New 
York.) Kart, DM 88,-. ISBN: 313715201 1 


Autoren der Stichworte find rum groBen Tei] Hochschullehrer der 
pharmazeutischen Biologie, Chemje und Technologie sowie der Phar- 
maziegeschichte, summen aber auch a us dem Bereich der phar¬ 
mazeutischen Industrie, der Verwaltung und der Verbinde. 


Wenige Monate nach dem Erscheinen do Lexikons 
der Pharmazie von Ebel und Roth liegt nun auch eine Studienausgabe 
des Werkes in kanoniertem Einband vor. Der Kaufpreis konme 
dadurch immerhin um 40,- DM gesenkt werden, was die Verbreitung 
des Nachschlagewerkes inbesondere. in den weniger zahlungskrif- 
tigen Studentcnkrtisen mil Sicherheit f&rdern wird. 

Bereits bei der Besprechung der gebundenen Aus* 
gabe wies der Rezensent auf die hohe fachliche Qualitit do Lexikons 
hin, die durch die Mitwirkung von 17 bekannten Vertretem der ver- 
schiedenen phar m az eut i s chen Speziaigebiete verkftrpert wird. Die 


Hervorzuheben find neben den Textbeitrigen die 
vielen graphischen Darstellungen und die Formelbilder fur einen 
GroBteil der im Lexikom aufgefQhrten Substanzen. Das Lexikon der 
Pharmazie, ein Spiegel bild eino iuflerst breit geflcherten Wissensge- 
bietes, kann neben dem Srudenten der Pharmaae auch dem praktisch 
titigen Apotheker in OfTrnn, Krankenhaus und Industrie sowie dem 
in Wissenschaft und Forschung arbeiienden Phannazeuten, Phar- 
makologen und Toxikologen empfohlen werden. 

R. Hanpft. Kiel 
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